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Cover Photograph

Four seasons in the Kado District

Upper left: (Spring) Fresh green leaves on the southern slope of Mt. Anamegadake. In the Kitakami Mountains,
there can be snowfall as late as May, and a rare combination of young green leaves and fresh snow can be seen.

Upper right: (Summer) Upper reaches of the Orikabe River. In summer, leaves on the trees cut off a large part of
sunlight to the stream. The forest floor is also covered by vegetation, making it difficult to observe outcrops.

Lower left: (Autumn) Autumn foliage in the mountains southwest of Sakamoto Settlement in the upper reaches of
the Akka River. Beech forests that are widespread in the Kitakami Mountains produce a magnificent
blanket of yellow in the autumn.

Lower right: (Winter) Nekosokomatazawa River, southwest of Hayasaka Pass. The Kado District is situated near
the Pacific coast, where snow precipitation is relatively scarce in the first half of winter. However, in high
altitudes like the Hayasaka Highlands, snow covers the ground from around November.

(Photograph and Caption by MUTO Shun)
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Article

Carboniferous and Permian conodont fossils from bedded chert

in Otori, Iwaizumi Town, Iwate Prefecture, with a review of previously reported

conodonts from the North Kitakami Belt

MUTO Shun"’, TAKAHASHI Satoshi’ and MURAYAMA Masafumi™*

MUTO Shun, TAKAHASHI Satoshi and MURAYAMA Masafumi (2025) Carboniferous and Permian
conodont fossils from bedded chert in Otori, Iwaizumi Town, Iwate Prefecture, with a review of
previously reported conodonts from the North Kitakami Belt. Bulletin of the Geological Survey of Japan,
vol. 76 (1/2), p. 1-29, 9 figs and 1 table.

Abstract: Conodont biostratigraphy of pelagic deep-sea sequences in the Jurassic accretionary complex
of Japan offers a globally correlative timescale for these rare sedimentary records. The northern Kitakami
Mountains provide potential for conodont biostratigraphic research of the deep-sea sedimentary rocks,
especially for the Paleozoic interval where zonal schemes remain incomplete. Herein, we report
conodont fossils from a deep-sea section named the Otori section in Iwaizumi Town, Iwate Prefecture.
Conodonts were visualized using microfocus X-ray computed tomography. We identified Mesogondolella
clarki, Mesogondolella aff. donbassica, Mesogondolella cf. bisselli, Mesogondolella cf. idahoensis,
Jinogondolella cf. palmata, Jinogondolella postserrata, Sweetognathus iranicus, Jinogondolella
altudaensis and Jinogondolella xuanhanensis. These conodonts indicate the Moscovian (middle
Pennsylvanian, Carboniferous) to the Capitanian (upper Guadalupian, Permian). We also compiled and
reviewed previous reports of conodont occurrences in the northern Kitakami Mountains. While previous
reports have recognized late Carboniferous to Triassic ages based on conodonts, a majority of the Permian
ages are not attestable due to the lack of taxonomic descriptions and illustrations.

Keywords: Artinskian, Capitanian, Jurassic accretionary complex, Kado District, Kungurian, North

Kitakami—Oshima Belt, Moscovian, Sakmarian, Wordian, X-ray micro-CT

1. Introduction

Conodont fossils played a major role in geological studies
of the Jurassic accretionary complexes in Japan. Conodonts,
along with radiolarians, provided biostratigraphic evidence
that fragments of late Paleozoic and early Mesozoic
material formed in the pelagic area of Panthalassa were
accreted to the continental margin of proto-Japan during
the Jurassic (Matsuda and Isozaki, 1991). Pelagic deep-sea
strata in the accretionary complexes are valuable records of
the abyssal plain that is now lost (Fig. 1A). Conodonts are
used as age indicators in studies of palacoenvironmental
records preserved in the deep-sea strata (Isozaki, 1997,
Takahashi et al., 2009; Nishikane et al., 2014; Muto et al.,
2020; Tomimatsu ef al., 2020; Muto, 2021).

Triassic conodont biostratigraphy of deep-sea sections
has been intensely studied mainly in Southwest Japan
(Isozaki and Matsuda, 1980; Yao et al., 1980; Tanaka, 1980;
Yamashita et al., 2018; Muto et al., 2019). Consequently,
conodont biozonation is constructed for most of the
Triassic. On the other hand, Paleozoic deep-sea sections
are less studied (see Fig. 1B for the loction of study
areas mentioned below). Yao ef al. (2001) described
two upper Permian sections corresponding to the upper
Wauchiapingian and Changhsingian stages in Gifu and
Shiga prefectures. Nishikane et al. (2011, 2014) studied
the Guadalupian—Lopingian boundary in the Gifu study
section of Yao et al. (2001). Kusunoki et al. (2004)
studied a long-ranging section covering the uppermost
Carboniferous and entire Permian in Kyoto Prefecture.
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Yamakita et al. (2008) and Ehiro et al. (2008) drew
attention to the Paleozoic deep-sea record in the northern
Kitakami Mountains in Northeast Japan, in contrast to the
above studies from Southwest Japan. These studies briefly
reported on conodonts across the Carboniferous—Permian
boundary in the Akka area in Iwate Prefecture, which
includes the target area of the present study. Muto ef al.
(2023b) studied the boundary in detail and detected the
successive appearance of globally useful zonal marker
species. Thus, the northern Kitakami Mountains present

(A) Depositional area of the pelagic
sedimentary rocks in Japan

a great potential for studies of conodont biostratigraphy
of pelagic deep-sea sedimentary rocks.

In this study, we report Carboniferous and Permian
conodonts from a section in the Akka area in the northern
Kitakami Mountains, Northeast Japan, reported by Ehiro
et al. (2008). The section is herein named the Otori section.
The conodont occurrence of this study was introduced by
Muto et al. (2022) in a conference, but illustrations of the
specimens are published for the first time. This study also
provides notes on previous reports of conodonts from the
North Kitakami Belt, aiming to present an updated basis
of conodont information in this region.

2. Geological outline

of [ Jurassic accretionary complex The Otori section is a pelagic deep-sea section in the

Prefecture. Rocks distributed in this area belong to the
Jurassic accretionary complex in the northeastern zone
of the North Kitakami—Oshima Belt (e.g., Isozaki and
Maruyama, 1991; Ehiro et al., 2008; Fig. 1B, C). Based
on surveys for the 1: 50,000 geological map of the Kado
District for the Quadrangle Series of the Geological Survey

5 upper reaches of the Akka River in Iwaizumi Town, Iwate

of Japan, AIST, the Jurassic accretionary complex of the
42°N4f* area is divided into three units with distinct lithofacies;
140°E the Otori, Seki and Takayashiki units in tectonically

descending order (Takahashi et al., 2016; Muto et al.,
2023a; Fig. 2). The Otori section belongs to the structurally
lower part of the Otori Unit (the Okoshizawa Subunit)
which is composed of stacked sheets of chert and siliceous
mudstone (Muto et al., 2023a; Fig. 2). The Otori Unit
is composed of upper Carboniferous to Lower Jurassic
pelagic deep-sea sedimentary rocks (mostly chert)
(Toyohara et al., 1980; Murai et al., 1985; Ehiro et al.,
2008; Takahashi et al., 2016; Muto et al., 2023a, b, ¢) and

Fig. 1 (A)Palaecogeography of the late Carboniferous—middle Permian
interval, represented by the Kungurian (by Laya et al., 2013).
(B) Distribution of the Jurassic accretionary complex in the
Japanese Islands (after Isozaki et al., 2010). The location of
areas targeted in this study and previous studies are shown. 1:
Yao et al. (2001). 2: Nishikane et al. (2011). 3: Nishikane ef al.
(2014). 4: Kusunoki et al. (2004). Akka area: Yamakita et al.
(2008); Ehiro et al. (2008); Muto et al. (2023b); this study. (C)
Geology of the basement rocks of northern the Tohoku Region
(modified from Geological Survey of Japan, AIST, 2020).

I North Kitakami
—Oshima Belt
. Nedamo Belt
K
M south Kitakami Belt
[ cretaceous plutons
|. Cretaceous volcanics

\\ Tectonic boundaries
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Fig. 3 Geological sketch map of the Otori section. M. N.: Magnetic north. Sample numbers correspond to the last

two or three digits after 191213-.

Middle Jurassic hemipelagic to trench-fill sedimentary
rocks (Suzuki ef al., 2007b; Ehiro et al., 2008; Muto et al.,
2023a). Chert of the Otori Unit is accompanied by green
and red siliceous claystone in the upper Carboniferous
to lower Permian interval (Ehiro ef al., 2008; Muto et
al., 2023a, b) and black carbonaceous claystone and grey
siliceous claystone at the Permian—Triassic boundary
(Takahashi et al., 2009; Muto et al., 2023c).

The Otori section represents the Paleozoic portion of the
pelagic deep-sea sedimentary rocks of the Otori Unit. The
lithofacies is in ascending order grey bedded chert, green
siliceous claystone, red siliceous claystone interbedded
with reddish or greyish chert and grey bedded chert (Figs.
3-5). The total thickness is apparently ~90 m, but true
stratigraphic thickness is unknown due to faults and folds.
The green siliceous claystone is composed of 5-20 cm
thick beds that are partly poorly defined. The interval of
red siliceous claystone and reddish or greyish chert is
composed of beds that are mostly 2-10 cm thick (Fig.
4F-H). The colour of the rocks have considerable lateral
variation, changing between red to reddish purple or red to
grey in the same bed. Single bed thickness and pattern of
bedding in the grey bedded chert in the upper part of the
Otori section show minor stratigraphic changes. The lower
to middle part that include horizons yielding Guadalupian
(middle Permian) conodonts have very thin clay partings
mostly less than a few millimetres in thickness between
individual chert beds (Fig. 4C-E). In this part, single
bed thickness varies from 1-5 c¢cm in thin-bedded parts
(Fig. 4E) to around 20 cm in thick-bedded parts (Fig. 4C)
and some intervals have poorly parted beds (Fig. 4D). In

contrast, the upper part of the grey bedded chert tends to
have thicker clay partings, and chert beds interbedded
with 1-3 cm thick clayey beds that appear as yellowish
bands on the outcrop surface are common (Fig. 4B).
Single bed thickness is mostly 2-5 cm in the upper part
of the grey bedded chert. At the top of the section is black
carbonaceous claystone, which is lithostratigraphically
correlated to the Permian—Triassic boundary (Fig. 4A).

3. Methods

Conodonts were found on cleaved surfaces of sampled
rocks (Fig. 6) and scanned by an X-ray microscope
using the method established by Muto et al. (2021b).
Rock pieces containing well-preserved specimens

(=p.5)

Fig. 4 Outcrop photographs of the Otori section. (A) The
Permian—Triassic boundary between grey bedded chert
(below) and black carbonaceous claystone (above). The
two lithofacies are in contact with a slip plane and the
exact boundary may be lost. (B) Lopingian (?) grey
bedded chert with thick clayey layers. (C) Guadalupian
(?) grey thick bedded chert. (D) Guadalupian grey
bedded chert. (E) Guadalupian grey bedded chert. (F)
Cisuralian reddish grey siliceous claystone with a thick
white chert interbed. (G) Cisuralian red and reddish
purple red siliceous claystone with white chert interbeds.
(H) Cisuralian greyish red siliceous claystone. Scale bars
are 20 cm. The hammer in A and G are 30 cm long.
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Fig. 5 Lithostratigraphy and conodont occurrence of the Otori section. Carb.: Carboniferous; Trias.: Triassic.

were selected and trimmed down to blocks of a few
millimetres. The specimens on the rock pieces were
enclosed in a “hedge” of concrete mortar to avoid effects
of surface refraction of X-rays, glued onto the end of a
pencil lead and scanned using a ZEISS Xradia 410 versa
X-ray microscope equipped with a L8121-03 SEL X-ray
source of Hamamatsu Photonics K.K. at the Marine
Core Research Institute, Kochi University. Tomographic

sections obtained by Xradia 410 versa were processed
using Amira Software (Thermo Fisher Scientific). For
details, see Muto et al. (2021b).

4. Conodont occurrence and age assignment
of the Otori section

We obtained conodonts from six horizons in the Otori
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Scale bars : 200um

Fig. 6 Parallel-viewing stereoscopic photographs of representative conodont specimens from different rock types. (A) Grey chert,
191213-11, not in Fig. 7. (B) Red siliceous claystone, 191213-08, same specimen as Fig. 7S. (C) Red siliceous claystone,
191213-07.5, same specimen as Fig. 7R. (D) Grey chert, 191213-07, same specimen as Fig. 7N. (E) Grey chert, 191213-06, not
in Fig. 7. (F) Grey chert, 191213-05, same specimen as Fig. 7G. Scale bars are 200 pm.

section (Figs. 5, 7). The basal part of the section (Sample
191213-11) yielded Mesogondolella clarki (Koike) and
Mesogondolella aff. donbassica (Kossenko). The former
has been shown from a similar horizon of the Otori
section by Ehiro et al. (2008). Mesogondolella clarki is
a widespread Moscovian (middle Pennsylvanian) species
known from pelagic Panthalassa (Koike, 1967; Muto et
al., 2023b), the Donets Basin (Nemyrovska, 2011;2017a)
and South China (Wang and Qi, 2003; Qi et al., 2014,
2016). Mesogondolella donbassica is known from the
Moscovian of the Donets Basin (Nemyrovska et al.,
1999), Novaya Zemlya (Sobolev and Nakrem, 1996) and
South China (Wang and Qi, 2003).

The lower part of the reddish siliceous claystone and
chert interval (Sample 191213-08) yielded specimens
comparable to Mesogondolella bisselli (Clark and
Behnken). This species is known from the Sakmarian
to Artinskian of pelagic Panthalassa (Igo, 1981; Igo and
Hisada, 1986), South China (Wang and Wang, 1981),
Novaya Zemlya (Sobolev and Nakrem, 1996), Urals
(Chernykh, 2005) and western USA (Clark and Behnken,
1971; Behnken, 1975). The upper part of the reddish
siliceous claystone and chert interval (Sample 191213-
07.5) yielded specimens comparable to Mesogondolella
idahoensis (Youngquist et al., 1951). This species is an
indicator of the Kungurian (late Cisuralian) and has a
wide distribution occurring from Panthalassa (Igo, 1981;
Muto et al., 2021a), South China (Zhang et al., 2010),
Spitsbergen (Szaniawski and Malkowski, 1979) and
western USA (e.g., Youngquist et al., 1951; Behnken,
1975; Lambert et al., 2007).

We obtained conodonts from two horizons in the lower
part of the grey bedded chert. The lower horizon (Sample
191213-07) contained Sweetognathus iranicus Kozur et
al., Jinogondolella cf. palmata Nestell and Wardlaw and
Jinogondolella postserrata (Behnken), while the higher

horizon (Sample 191213-06) yielded J. postserrata.
Jinogondolella palmata and J. postserrata respectively
occur from the Wordian (middle Guadalupian) to
lowermost Capitanian (upper Guadalupian) and the
Capitanian in western USA (Wardlaw and Nestell, 2015)
and South China (Sun et al., 2017). Sweetognathus
iranicus was originally reported from the Capitanian
of Iran (Kozur et al., 1975). It was later found from the
Wordian of the Salt Range (Wardlaw and Mei, 1998) and
the Kungurian of South China (Sun et al., 2017).

The middle part of the grey bedded chert (Sample
191213-05) yielded Jinogondolella altudaensis (Kozur)
and Jinogondolella xuanhanensis (Mei and Wardlaw
in Mei et al., 1994a). These species are known from
Panthalassa (Nishikane et al., 2011, 2014), western USA
(e.g., Wardlaw, 2000; Wardlaw and Nestell, 2010; Lambert
etal.,2010) and South China (Mei et al., 1994a, b; Sun et
al., 2017), and cooccur in the Capitanian.

Based on the above, the confirmed age of the Otori
section spans from the Moscovian of the Pennsylvanian
(late Carboniferous) to the Capitanian of the Guadalupian
(middle Permian) (Fig. 5). No age diagnostic fossils have
been found yet from the upper part of the grey bedded
chert, but this part presumably includes Lopingian
strata, based on its position below the Permian—Triassic
boundary. Another deep-sea section in the Otori Unit,
the Okoshizawa section (Fig. 2), has been studied for
the Carboniferous—Permian boundary (Muto et al.,
2023b). While the two sections are composed of a similar
set of lithologies, there are noticeable differences in
lithostratigraphy. Red siliceous claystone is present in the
basal Permian in both sections, but it does not extend up
into the Artinskian in Okoshizawa, while it continues up
to the Kungurian in Otori (Fig. 8). This degree of variation
in apparent silica content in coeval beds is not known
from other intervals of pelagic deep-sea sedimentary rocks
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Fig. 7 Images of conodont specimens obtained by X-ray uCT. (A-E) Jinogondolella altudaensis (Kozur), 191213-05. (F, G)
Jinogondolella xuanhanensis (Kozur), 191213-05. (H, 1) Jinogondolella? sp., 191213-05. (J) Jinogondolella postserrata
(Behnken), 191213-06. (K) J. cf. postserrata (Behnken), 191213-06. (L, M) Jinogondolella? sp., 191213-06. (N) J. postserrata
(Behnken), 191213-07. (O) Sweetognathus iranicus Kozur et al., 191213-07. (P) Jinogondolella cf. palmata Nestell and
Wardlaw, 191213-07. (Q, R) Mesogondolella cf. idahoensis (Youngquist et al.), 191213-07.5. (S, T) Mesogondolella cf. bisselli
Clark and Behnken, 191213-08. (U-W) Mesogondolella clarki (Koike), 191213-11. (X) Mesogondolella aff. donbassica
(Kossenko). Scale bar is 200 um.
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in Japan. In addition, dolostone beds are present in the
Moscovian of the Okoshizawa section, but not found in
the Moscovian of the Otori section.

5. Notes on previously reported conodonts
from the North Kitakami Belt

In the 1970s to 1980s, geologists investigated many
localities of chert and limestone in the Jurassic accretionary
complex of the North Kitakami Belt (the segment of the
North Kitakami—Oshima Belt distributed in the Honshu
Island). The occurrence of conodonts was highly
significant, because the only age diagnostic fossils
reported from the North Kitakami Belt till then were
mostly fusulinids from limestone. Studies on conodonts
eventually supported the introduction of plate tectonics
to the region (Okami and Ehiro, 1988). Conodont fossils
were of particular importance in the Kitakami Mountains,
because metamorphism by Cretaceous plutons makes it
mostly impossible to extract radiolarians from chert,
leaving conodonts the only way of age assignment.
Despite the significance, only a few works have presented
illustrations of conodont fossils. In this section, we list
previous reports of conodonts from the North Kitakami
Belt (Table 1). Since conodont taxonomy has been
significantly updated in the last few decades, some
notes are made on the taxonomic aspect of the reports.
Furthermore, we also aim to unravel the confusion caused
by different works referring to the same locality without
making it clear (shaded rows in Table 1).

5. 1. Carboniferous conodonts

Not many Carboniferous conodonts have been reported,
and the majority comes from the Akka area of this study.
Ilustrations of specimens were scarce, but those from
the Akka area are made available by Muto et al. (2023b)
and this study. In addition to the Akka area, Murata et
al. (1974) illustrated specimens that are undoubtedly
of Carboniferous age including Mesogondolella clarki
and Idiognathodus sp. (their L. delicatus). The oldest age
confirmed by conodonts in the North Kitakami Belt is
Moscovian: Toyohara et al. (1980) reported the occurrence
of Gondolella sp. (their Loc. 36; Table 1), which would
indicate the late Carboniferous, but no illustrations or
descriptions were given.

5. 2. Permian conodonts

Permian conodonts have been reported from many
localities in the North Kitakami Belt, but reliability is
problematic in many of these reports. The term “Permian-
type Neogondolella” was used in many localities with
no clear definition and, in most cases, illustrations
are not shown. The term apparently refers to Permian
gondolellid genera currently placed under Mesogondolella,
Jinogondolella and Clarkina, and it is true that they can
be distinguished from Triassic gondolellids including the
Middle Triassic Neogondolella (in the modern sense).

However, without the statement of how “Permian-type
Neogondolella” was distinguished, the age assignment
cannot be accepted as decisive. Such cases are shown
with brackets in our compilation list (Table 1). It should
also be noted that classification of the aboral surface,
which is probably the easiest way to differentiate between
Carboniferous, Permian and Triassic gondolellids, is not
applicable for early juveniles (Kozur, 1989). Since at least
some of the figured specimens in previous works appear
to be of early juvenile stages (Fig. 9A-D; Table 1), there
is a significant degree of concern about the identification
of these gondolellids. Of the previous reports of Permian
conodonts, those including Neostreptognathodus can
be regarded as reliable, since this genus only occurs
in the Cisuralian, although the lack of illustrations of
Neostreptognathodus is unhelpful. Also, those including
Anchignathodus (Hindeodus in the present taxonomy)
are generally reliable, since this taxon became extinct
in the earliest Triassic. Ehiro et al. (2008) and Takahashi
et al. (2016) illustrated “Permian-type Neogondolella”
and stated that a wide platform characterizes this type.
While the width of the platform is rather subjective as far
as their illustrations show, terminal position of the loop
(Fig. 10.1, 4 in Takahashi et al., 2016), wide V-shaped
attachment surface or low and discrete carina (Fig. 10.3
in Takahashi et al., 2016), support placing at least some
of their specimens in Permian taxa.

5. 3. Triassic conodonts

Triassic conodonts are the most abundantly reported
conodonts in the North Kitakami Belt. Recognition
of Triassic ages in the previous studies are based on
identification of conodonts at the species level, unlike
the case of the Permian. However, some of the species
names reported therein need to be treated with caution,
as detailed below.

Epigondolella abneptis (Huckriede) was recognized in
many localities to indicate the Late Triassic. This species
was chosen by Mosher (1968) as the type species of the
genus Epigondolella that included Middle to Late Triassic
conodonts with mostly denticulate platform margins,
which are stratigraphically useful because of their distinct
characters. However, E. abneptis was applied by many
subsequent works to forms that would now be placed in
different species or even different genera, partly due to
the fact that Huckriede (1958) illustrated a wide range
of forms from several ages when he erected this species
(Moix et al., 2007; Karadi, 2021). In the absence of clear
illustrations in the works of the North Kitakami Belt, it
is only possible to surmise that the occurrence of “F.
abneptis” indicates the Middle or Upper Triassic. In fact,
in the three cases where illustrations for “E. abneptis” were
given, there are differences in morphological characters
with the holotype of E. abneptis enough to conclude that
they belong to a different species. The specimens in Pl.
3, fig. 1 of Murai et al. (1985) and Pl. 9 figs. 17-20 of
Murata and Nagai (1972) have a rostro-caudally reduced
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P Holotype

short free blade—

loe middle carina
R
Holotype

Fig. 9 Images of conodonts from previous studies compared to holotypes. Taxon names are maintained as in original
paper. (A) Neogondolella subcarinata, Fig. 6.19 of Okami et al. (1993), KGW-4. (B) Neogondolella cf.
rosenkrantzi, Pl. 3 Fig. 7 of Murai et al. (1985), Loc. 21. (C) Neogondolella cf. constricta, Fig. 8.6 of Okami
(1990), OT-5. (D) Neogondolella navicula navicula, Fig. 8.20 of Okami (1990), OT-48. (E, F) Holotype of
Epigondolella postera, the type species of Mockina, from Kozur and Mostler (1971). (E) Lateral view. (F) Oral
view. (G-J) Epigondolella abneptis of Murata and Nagai (1972) P1. 9. (G) Fig. 20. (H) Fig. 22. (I) Fig. 17. (J)
Fig. 19. (K) E. cf. abneptis of Murai et al. (1985), P1. 3 Fig. 1, Loc. 20. (L, M) E. cf. abneptis of Okami (1990),
both from OT-10-2. (L) Fig. 8.11. (M) Fig. 8.12. (N, O) E. abneptis of Okami et al. (1993), both from 900825-7.
(N) Fig. 6.9. (O) Fig. 6.10. (P) Holotype of Gondolella polygnathiformis from Budurov and Stefanov (1965).
(Q) Neogondolella polygnathiformis of Okami et al. (1993) Fig. 6.18, 900825-7. (R) Holotype of Gondolella
mombergensis from Tatge (1956). (S) Neogondolella mombergensis of Okami et al. (1993) Fig. 6.13, KGR-9-D.
Scale bar is 500 pm.
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and dorsally pointed platform with a carina extending to
its end, which is seen in the late Norian genus Mockina
(Fig. 9E-K). Specimens reported in Okami (1990) can
also be placed in Mockina for the same reason (Fig. 9L,
M). The two specimens in Figs. 6.9 and 6.10 in Okami et
al. (1993) have respectively stepped and upturned aboral
margins (Fig. 9N, O), while the holotype of E. abneptis
has an arched one. Although this character in their Fig.
6.9 may be due to the immaturity of this specimen and
not a taxonomic feature, the other figured specimen can
certainly not be regarded as E. abneptis.

Epigondolella bidentata, now placed under the
genus name Mockina, is another species that has been
reported from many localities. This species is somewhat
potentially problematic because early ontogenetic stages
of Late Triassic conodonts with denticulate platforms can
appear to be similar (e.g., Mazza and Martinez-Peréz,
2015), and many illustrated conodonts from the North
Kitakami Belt are juveniles. On the other hand, at least
some occurrences of true M. bidentata is confirmed from
illustrated specimens (Murata and Nagai, 1972).

Epigondolella primitia, now placed under the genus
Metapolygnathus, although debatably, have been used for
forms now assigned to species of Carnepigondolella or
Metapolygnathus Mazza et al., 2012; Karadi et al., 2013).
True M. primitius is considered to be endemic to North
America (Mazza et al., 2012). Due to the complete lack
of illustrations, it is impossible to evaluate the specimens
from the North Kitakami Belt, but it is probably safe
to assume that they represent Carnian or Norian (Late
Triassic) species.

There are other illustrated conodont specimens with
identifications that need to be revised, apart from those
mentioned above (refer to Table 1 for full list). In some
cases, misidentification is evident, even in the rather
poor image quality of the previous studies (Fig. 9P-S).
Despite some problematic identifications, age assignment
by Triassic conodonts in previous studies seem to be
acceptable at the scales of epochs.

6. Conclusions

We investigated a pelagic deep-sea sequence composed
of chert and siliceous claystone along the Akka River
in Otori, Iwaizumi Town, Iwate Prefecture for conodont
biostratigraphy. We identified Mesogondolella clarki,
Mesogondolella aff. donbasssica, Mesogondolella cf.
bisselli, Mesogondolella cf. idahoensis, Jinogondolella
cf. palmata, Jinogondolella postserrata, Sweetognathus
iranicus, Jinogondolella altudaensis and Jinogondolella
xuanhanensis using microfocus X-ray computed
tomography. These conodont species indicate the
Moscovian of the Pennsylvanian to Capitanian of the
Guadalupian for the sedimentary sequence. Comparing
the Otori section with the Okoshizawa section, an earlier
established pelagic deep-sea sequence in the same
tectonostratigraphic unit, there are discrepancies in the

stratigraphic distribution of red clayey lithologies. This
type of lateral variation in pelagic deep-sea sedimentary
rocks has rarely been reported.

We also compiled the reports of conodont occurrences
from the North Kitakami Belt. Judging from the dates
published, many of the previous reports are based on
taxonomic concepts that are out-of-date, but the general
lack of clear illustrations makes it impossible to evaluate
most of the conodont occurrences. Permian ages of strata
based on the occurrence of “Permian-type Neogondolella”
are particularly problematic, and should be treated with
great caution. Most of the species names of Triassic
conodonts in the previous studies also do not comply
with present taxonomic concepts, but age assignment
based on these conodonts are generally acceptable at the
epoch-level.

7. Taxonomic notes

(by Shun Muto)

This section is intended to provide objective reference
for identification of conodonts and not a full systematic
description.

Genus Jinogondolella Mei and Wardlaw, 1994
Type species Gondolella nankingensis Ching, 1960
Remarks: Generic distinction of Permian gondollelids

is strictly defined by its multielement apparatus (Lambert
et al., 2007; Wardlaw and Nestell, 2010). In general,
Cisuralian species and most Guadalupian and Lopingian
cool-water species are placed in Mesogondolella,
Guadalupian (mostly warm-water) species typically with
serrated platform margins are placed in Jinogondolella
and Lopingian warm-water species are placed in Clarkina
(e.g., Henderson, 2018). Jinogondolella is the last erected
of these three genera. Following this, part of the species
included in Mesogondolella or Clarkina was assigned
to Jinogondolella (e.g., Mei et al., 1998; Wardlaw and
Mei, 1998). While Jinogondolella P1 elements typically
have serrations, although variably developed, on the
ventral portion of the platform margins, our specimens
are dominated by unserrated forms.

Jinogondolella altudaensis (Kozur)

(Fig. 7A-E)

1992 Clarkina altudaensis — Kozur, p. 103, 105-106,
figs. 9-12, 14-17.

Remarks: This species is distinguished by a
segminiplanate element with a platform that is biconvex
in the dorsal part, rounded at the dorsal end and weakly
biconcave in the ventral part due to increased narrowing
around the ventral one fourth of the element. The
carina is lowest at the middle and the cusp is small and
indistinguishable.

Jinogondolella cf. palmata Nestell and Wardlaw
(Fig. 7P)
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2010 Jinogondolella palmata — Nestell and Wardlaw,
p. 188-192, pl. 1, figs. 1-26, pl. 2, figs. 1-10, pl. 3, figs.
1-9.

Remarks: This species is distinguished by a segminitpalante
element with a broad platform and a carina that is fused in
the middle and bears large denticles in the ventral part.
Typical forms of this species are widest at the middle and
has a cusp that is not distinct, but forms with a platform
that is widest in the dorsal area and a distinguishably
wide cusp, like the present specimen, are included in this
species (e.g., P1. 7 figs. 2, 6 in Wardlaw and Nestell, 2015).

Jinogondolella postserrata (Behnken)

(Fig. 77, N)

Jinogondolella cf. postserrata (Behnken)

(Fig. 7K)

1975 Neogondolella serrata postserrata — Behnken,
p- 307-308, pl. 2, figs. 28-36.

Remarks: This species is distinguished by a segminiplanate
element with a narrow platform that has subparallel margins
in the dorsal half, narrow but distinct furrows, erect cusp
and denticles, and a carina that is lowest in the middle and
forms a smooth arch in rostro-caudal view. Figure 7K is
compared to this species because the cusp and ventral end
of platform is partly not visible.

Jinogondolella xuanhanensis (Mei and Wardlaw)

(Fig. 7F, G)

1994a Mesogonsolella xuanhanensis — Mei and
Wardlaw, p. 33, pl. 3, figs. 2-10, 14.

Remarks: This species is recognized by a segminiplanate
element with a narrow platform tapering both ventrally
and dorsally from near mid-point, a carina of partly fused
denticles and a moderately large cusp.

Genus Mesogondolella Kozur 1989

Type species Gondolella bisselli Clark and Behnken, 1971

Remarks: Generally, Mesogondolella consists of all
gondolellids in the Cisuralian and cold-water gondolellids
in the Guadalupian to Lopingian. Mesogondolella species
in the Pennsylvanian are somewhat problematic, since
there is a gap in the stratigraphic record of this genus
between the Moscovian and Asselian (Nemyrovska,
2017a; Chernykh, 2005; Muto et al., 2023b). However,
the Moscovian species are closer to the Permian
Mesogondolella in their P1 element morphology
compared with the coeval Gondolella and are placed in
Mesogondolella for the time being.

Mesogondolella cf. bisselli (Clark and Behnken)

(Fig. 7S, T)

1971 Gondolella bisselli — Clark and Behnken, p. 429,
pl. 1, figs. 12-14.

Remarks: This species is recognized by a long and
narrow segminiplanate element with a low uniform carina
and indistinct cusp at the rounded dorsal end.

Mesogondolella clarki (Koike)

(Fig. 7U-W)

1967 Gondolella clarki — Koike, p. 301-302, pl. 2,
figs. 1-3, 6.

Remarks: This species is characterized by a low, discrete
carina, biconvex platform and a cusp of moderate size, the
base of which creates a posterior protrusion at the dorsal
platform margin.

Mesogondolella aff. donbassica (Kossenko)

(Fig. 7X)

2016 Mesogondolella donbassica (Kossenko)— Qi et
al., fig. 7P.

Remarks: This species, distinguished by the wide,
unornamented and round-ended platform and carina
that ends short of the dorsal end, was first reported by
Kossenko (1975) from the Donets Basin. The holotype
has a fused ventral carina and a distinctive gap between
the cusp and penultimate denticle. Our specimen has a
platform and dorsal denticulation that is similar to M.
donbassica, but it has more discrete denticles and no gap
between the cusp and penultimate denticle, and is regarded
as a separate species. Such a form has been reported from
the Moscovian of South China (Qi et al., 2016). The name
of the author was spelled “Kosenko” in the English title
of the original paper, but was spelled “Kossenko” in
its systematic section and also in later works including
an English paper summarizing the works of Ukranian
conodont palaeontologists (Nemyrovska, 2017b).

Mesogondolella cf. idahoensis (Youngquist et al.)

(Fig. 7Q, R)

1951 Gondolella idahoensis — Youngquist, Hawley
and Miller, p. 462, pl. 54, figs. 1-3, 14, 15.

Remarks: This species is distinguished by a segminiplanate
element with a platform widest in the dorsal part, a
squared dorsal margin in oral view, denticles lowering
towards the cusp that is positioned at the dorsal end and
dominantly higher and thicker than the other denticles.
Specimens from near the type locality in Idaho including
the holotype have a low ventral carina (Henderson and
Mei, 2003, 2007), while forms with high and fused ventral
carina are not uncommon elsewhere (Behnken, 1975;
Lambert et al., 2007; Zhang et al., 2010). The present
specimens from siliceous rocks deposited in pelagic deep
Panthalassa belong to the latter type, as are previously
recovered specimens from pelagic limestone deposited in
Panthalassa (Igo, 1981; Muto ef al., 2021a).

Genus Sweetognathus Clark, 1972
Type species Spathognathodus whitei Rhodes, 1963

Sweetognathus iranicus Kozur et al.

(Fig. 70)

1975 Sweetognathus iranicus — Kozur et al., p. 9-10,
pl. 4, figs. 1-10, pl. 5, fig. 1.

Remarks: This species is characterized by a carminiscaphate
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element with a dorsal platform bearing a continuous carina
of node-like denticles with pustular tops and a free blade
about half the length of the platform. In our specimen, the
free blade appears longer because the aboral part of the
platform is broken off.
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Middle Jurassic radiolarians from manganese nodules obtained
in the western part of the Kado District, northern Kitakami Mountains

MUTO Shun"’, ITO Tsuyoshi' and OZEKI Masanori"*

MUTO Shun, ITO Tsuyoshi and OZEKI Masanori (2025) Middle Jurassic radiolarians from manganese
nodules obtained in the western part of the Kado District, northern Kitakami Mountains. Bulletin of the
Geological Survey of Japan, vol. 76 (1/2), p. 31-50, 8 figs, 1 table and 5 plates.

Abstract: The accretionary history of the Jurassic accretionary complex of the North Kitakami Belt
in Northeast Japan is obscured by the metamorphism of Cretaceous plutons that hinder extraction
of radiolarian fossils. Some of the most successful cases of radiolarian extraction in this area treated
manganese nodules. In this study, we obtained well-preserved radiolarians from three manganese nodules
embedded in argillaceous rocks in the western part of the 1: 50,000 quadrangle series Kado District. The
age of the radiolarian fossil assemblages is assigned to the early Bajocian and Aalenian to Bajocian (Middle
Jurassic) for two samples from grey bedded mudstone and Bajocian (Middle Jurassic) for a sample
from mudstone that possibly experienced tectonic mixing. The age of the assemblages approximates
the accretionary age of the studied rocks. This is the first report of age diagnostic radiolarians from the
western part of the Kado District.

Keywords: Aalenian, accretionary age, Bajocian, Jurassic accretionary complex, Nassellaria, North

Kitakami—Oshima Belt, Otori Unit, Quadrangle Series, Toarcian

1. Introduction

The North Kitakami—Oshima Belt in Northeast Japan
(e.g., Isozaki and Maruyama, 1991) mainly consists of an
accretionary complex that was formed mostly during the
Jurassic (Ehiro et al., 2005; Kojima et al., 2016). Works on
radiolarian fossils and zircon dating clarified that the age
of accretion, approximated by the age of trench-fill clastic
rocks, was from the latest Triassic to Early Cretaceous,
although the oldest accretionary complex may date back
to the late Permian (Fig. 1B and references therein). The
accretionary complex of the North Kitakami—Oshima
Belt is much less studied in terms of accretionary history
compared to its counterparts in Southwest Japan. One of
the reasons is the difficulty in obtaining radiolarians due to
metamorphism related to Cretaceous plutons that intrude
the accretionary complex (Fig. 1B).

The best results of radiolarian investigation in the
North Kitakami—Oshima Belt are arguably the works
on manganese nodules (Mn-nodules) that are found in
mudstone or siliceous mudstone (Yoshihara et al., 2002;
Suzuki and Ogane, 2004; Suzuki et al., 2007a, b; Ehiro
et al., 2008; Muto et al., 2023). Manganese nodules
investigated in these works have yielded radiolarians with

clearly observable external and internal test structures,
even when radiolarians extracted from the surrounding
argillaceous rocks are poorly preserved. However, Mn-
nodules are relatively rare and not always easy to spot in
the field, reflected in the few number of works.

The first author (Muto, S.) conducted surveys to produce
the 1: 50,000 geological map of the Kado District for the
Quadrangle Series of the Geological Survey of Japan,
AIST. The district is located within the area of the North
Kitakami Belt (the part of the North Kitakami—Oshima
Belt distributed in Honshu). As part of this project, we
investigated newly found Mn-nodules for radiolarians,
in order to obtain further controls on the accretionary age
of the surveyed strata. The Mn-nodules were found in
the western part of the Kado District, in Iwaizumi Town
and Kuzumaki Town in northeast Iwate Prefecture. This
is the first time that age diagnostic radiolarians have been
successfully extracted from rocks in this area.

2. Geological outline

The Kado District of the 1:50,000 Quadrangle Series
is situated in the central area of the North Kitakami Belt
and straddles the Omotogawa Fault (Omotogawa is the
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Japanese for the Omoto River) (Figs. 1B, 2). The area
northeast of the Omotogawa Fault includes one of the
better studied areas of the North Kitakami Belt. Sugimoto
(1974) provided some of the first detailed geological
maps and lithostratigraphic framework of the North
Kitakami Belt in the Akka—Kuji area. Sugimoto (1980)
extended the survey area to the Iwaizumi area. Following
the wide acceptance of plate tectonics, the geology was
revised based on the concept of accretionary complexes
(Ehiro et al., 2008; Takahashi et al., 2016; Nakae et al.,
2021; Muto et al., 2023), although fundamentals of the
lithostratigraphic division by Sugimoto (1974, 1980) still
stands. The more recent studies showed that the strata
of the Akka—Kuji area comprise Middle to Late Jurassic
accretionary complexes that generally trend NW—SE and
become younger to the northeast. The age of the strata was
determined by radiolarians (Nakae and Kamada, 2003;
Suzuki et al., 2007b; Ehiro et al., 2008; Muto et al., 2023)
and detrital zircons (Muto et al., 2023).

On the other hand, the area stretching from close to
the Omotogawa Fault to the southwest part of the Kado
district is less studied. Onuki (1969) proposed a rough
stratigraphic division of this area. Yamaguchi (1981)
published a geological map with more details in the
eastern part of the map by Onuki (1969). Murai et al.
(1985, 1986) extended the geological map by Sugimoto
(1974, 1980) to the northwest part of Iwaizumi Town,
updating the stratigraphic division by Onuki (1969).
While these maps were informative about the general
characteristics of lithofacies and geological structures
in the area, these works lacked detailed traverse maps
of main routes. These studies also did not obtain age
data from clastic rocks that would constrain the time of
accretion. Therefore, correlation of stratigraphic units or
re-interpretation of the units as accretionary complexes
are somewhat difficult. The first author (S. Muto) revised
the stratigraphic division by the above works from the
viewpoint of subduction—accretion, based on a geological
field survey of the entire Kado District (Fig. 2). By this
revision, most of the Jurassic accretionary complex
mapped by Onuki (1969), Yamaguchi (1981) and Murai
et al. (1985, 1986) is included in a tectonostratigraphic
unit called the Otori Unit (sensu Muto et al., 2023), except
for strata that were already classified as other units by
Takahashi ez al. (2016) and Nakae et al. (2021). The strata
of the Otori Unit are composed mainly of chert, mudstone
and sandstone, which is in agreement to maps by previous
workers.

Fig. 1 (A) Distribution of the Jurassic accretionary complex in Japan

(after Isozaki et al., 2010). (B) Geology of the basement rocks
of the northern Tohoku Region (modified from Geological
Survey of Japan, AIST, 2020). Age constraints for time of
accretion are based on the compilation by Uchino and Suzuki
(2020) and additional references in Muto et al. (2023). Data
plots closed in red were obtained in this study.
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Fig. 2 Geological outline of the Kado District based on geological surveys conducted for the 1: 50,000 geological map of
the “Kado” District for the Quadrangle Series of the Geological Survey of Japan, AIST by Muto, S. Locations of
Figs. 3-5 are shown.

The samples investigated in this study were collected Thus, strata of the studied area are expected to belong to
from the southwest part of the Otori Unit (Fig. 2). The a Middle Jurassic accretionary complex.
accretionary age of the northeast part of the Otori Unit
is the Middle Jurassic (Suzuki et al., 2007b; El}iro e_t al., 3. Materials and Methods
2008; Muto ef al., 2023). To the southwest lie Middle
Jurassic accretionary complexes belonging to another We investigated manganese nodule (Mn-nodule)
unit, the Kadoma Unit (Uchino and Komatsubara, 2024). samples from three localities for extraction of radiolarians
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(Figs. 2-5).

Sample Iwk-04 was obtained from grey mudstone in
a locality south of Mt. Iwakura in Gongen, Iwaizumi
Town, along a small valley branching from the north
bank of Orikabe Stream, a tributary of the Mitakai River
(Figs. 2, 3). A major part of the lithofacies distributed
around the locality are muddy mixed rocks with blocks of
sandstone and chert (Fig. 6A). The muddy mixed rocks are
accompanied by smaller amounts of sandstone, mudstone
without blocks of other lithologies, siliceous mudstone
and chert. Of these, grey bedded mudstone without exotic
blocks (Fig. 6B) hosted Mn-nodules in the studied locality.
The Mn-nodules are black and lenticular with their long
axis parallel to the bedding and cleavage plain of the host
mudstone. At the outcrop surface, the Mn-nodules tend
to be preferentially eroded and appear as holes (Fig. 6C).
The lack of exotic blocks of other lithologies in the grey
mudstone that hosts the nodules imply that the Mn-nodules
were not introduced by tectonic mixing.

Sample Yns-03 was obtained from grey mudstone
exposed along Yunashigi Stream, a tributary of the Minai
River in Minaikawa, Iwaizumi Town (Figs. 2, 4). The
Yunashigi Stream locality is situated close to the lateral
extension of the Mt. Iwakura locality (Fig. 2). The
lithofacies distributed in the Yunashigi Stream locality
is the same as that of the Mt. Iwakura locality, and is
composed mostly of muddy mixed rocks with sandstone,
mudstone, siliceous mudstone and chert (Fig. 4). The
mode of occurrence of Mn-nodules is also same as that
of the Mt. Iwakura locality (Fig. 6D).

Sample Asw-01 was obtained from dark brown
weathered mudstone exposed to the north of Arasawaguchi
in Ekari, Kuzumaki Town (Figs. 2, 5). Outcrops in
this area are generally isolated and small, and in many
cases the rocks are strongly weathered. Judging from
the available outcrops, the lithofacies is composed of
muddy mixed rocks with blocks of sandstone, siliceous
mudstone and chert (Figs. 5, 6E), similar to the other two
localities. The sample was collected from a very small
outcrop of weathered mudstone (Fig. 6F). The mudstone
contains no outstanding blocks of other lithologies, but
is not distinguishable from mudstone matrix of mixed
rocks in the area, which is usually black prior to strong
weathering. Therefore, we consider that this sample was
either originally contained in mudstone that later became
the matrix of muddy mixed rocks, or was introduced into
the present position from other lithologies, most likely
grey mudstone or siliceous mudstone, which are the host
of all other radiolarian-bearing Mn-nodules in the North
Kitakami Belt.

In thin sections, all Mn-nodule samples are composed
of metalliferous parts cemented by opaque minerals,
most likely Mn-oxides, and silicified parts cemented
with microcrystalline to cryptocrystalline quartz matrix
(Figs. 7A-D). The metalliferous and silicified parts are
amalgamated in a mosaic manner. This microfabric is
quite different from Mn-nodules obtained from siliceous

mudstone in the Jurassic accretionary complex in
Southwest Japan (the Inuyama area; Nakada et al., 2014).
Radiolarian tests are present in both metalliferous (Fig.
7D) and silicified (Fig. 7B) parts, while preservation is
better in the former. The grey mudstone that hosts the
Mn-nodules in the Mt. Iwakura and Yunashigi Stream
localities is composed of clay minerals and quartz grains
in thin section (Fig. 7E). Coarse clastic grains of silt-size
or greater are rare, indicating that these rocks represent
clastic sedimentation close to the hemipelagic area.

A Mn-nodule sample was also collected near Moekabe
Stream (Moebake loc. in Fig. 2), but this sample yielded
no radiolarians, and will not be discussed further.

Manganese nodule samples were crushed into pieces a
few centimetres across and treated with 36 % hydrochloric
(HC) acid for 24 h. The residues were rinsed and dried.
Specimens were prepared into slides and photographed
with an optical microscope with transmitted light,
or mounted on metal stubs, coated with carbon and
photographed by a scanning electron microscope (Hitachi
SU3500) at the Geological Survey of Japan.

4. Radiolarian assemblage

The three samples Iwk-04, Yns-03 and Asw-01 yielded
radiolarians with preservations well enough to observe
internal and external test structures (Plate 1-5; Table 1).
On the other hand, Our failed attempt on the sample from
the Moekabe Stream shows that not all Mn-nodules are
radiolarian-productive, as mentioned in Muto et al. (2023).
Below, the age of the radiolarian assemblages is discussed
based on stratigraphic ranges by Baumgartner et al. (1995)
and O’ Dogherty et al. (2009) (Fig. 8). The two samples
from grey bedded mudstone that are lithostratigraphically
well-controlled are explained first, followed by the sample
from possibly mixed mudstone.

4.1. Mt. Iwakura locality (Iwk-04)

Sample Iwk-04 had the poorest preservation of
radiolarians among the three samples. This sample yielded
Eucyrtidiellum unumaense, Parahsuum? grande, Unuma
cf. echinatus and Hexasaturnalis tetraspinus (Plate 1,
5; Table 1). Parahsuum? grande is the characteristic
species of the Parahsuum? grande Assemblage Zone
of Hori (1990). According to stratigraphic ranges of
radiolarians by Baumgartner et al. (1995), co-occurrence
of Eucyrtidiellum unumaense and Parahsuum? grande
is limited in the lower Bajocian, Middle Jurassic (Fig.
8A). The age of the sample is therefore estimated as early
Bajocian (Fig. 8B). This is consistent with the occurrence

(= p.35)

Fig. 3 Geological traverse map of the Mt. Iwakura locality.
Gongen, Iwaizumi Town. Base map produced from XYZ
tiles provided by the Geospatial Information Authority
of Japan.
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ranges of Unuma echinatus and Hexasaturnalis tetraspinus
(Fig. 8A), although the specimen of the former species
from this sample is identified with confer. The occurrence
of other specimens identified to the generic level from
this sample (Japonocapsa, Higumastra, Paronaella,
Homeparonaella, Tritrabs and Xiphostylus) is consistent
with the estimated age according to occurrence ranges
of Jurassic to Cretaceous radiolarian genera shown by
O’ Dogherty et al. (2009) (Fig. 8A).

4. 2. Yunashigi Stream locality (Yns-03)

Sample Yns-03 yielded Napora nipponica. This species
occurs in the Aalenian to Bajocian (Baumgartner ef al.,
1995) (Fig. 8A). Therefore, the age of this sample is within
the Aalenian to Bajocian interval (Fig. 8B). This sample

also yielded Unuma cf. echinatus, and the occurrence
range of Unuma echinatus includes the Aalenian to
Bajocian (Fig. 8A). The occurrence of other radiolarian
genera from this sample (Eucyrtidiellum, Hexasaturnalis,
Higumastra, Paronaella and Tritrabs) is consistent with
this estimated age (Fig. 8A).

4. 3. Arasawaguchi locality (Asw-01)

Sample Asw-01 yielded most of the closed nassellarians
obtained in this study. Among the stratigraphically
important species, the occurrence range of Unuma typicus
is restricted to the Bajocian (Baumgartner et al., 1995)
(Fig. 8A). Based on this occurrence range, the age of
this sample is most probably the Bajocian (Fig. 8B). The
occurrence of other species (Japonocapsa fusiformis,
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Fig. 6 Photographs of outcrops of the Mn-nodules and surrounding lithofacies. (A) Mixed rock
composed of muddy matrix and sandstone (Ss). Minai River. (B) Bedded grey mudstone. Same
lithofacies as the host of Mn-nodule samples Iwk-04 and Yns-03. (C) Mn-nodule sample Iwk-04
(Mn), Mt. Iwakura locality. (D) Mn-nodule sample Yns-03 (Mn), Yunashigi Stream locality.
(E) Mixed rock composed of muddy matrix, chert (Ch) and sandstone (Ss). (F) Mn-nodule
sample Asw-01 (Mn), Arasawaguchi locality. The hammer in A, B, D and E is 30 cm long.
The blue board in C and F is 20 cm wide.

Praewilliriedellum convexum, Quarkus japonicus, 5. Accretionary age of the Otori Unit
Unuma echinatus and Eucyrtidiellum unumaense) and

genera (Higumastra, Homoeoparonaella, Triactoma and This study obtained age constraints of clastic rocks in the
Xiphostylus) is consistent with the estimated age (Fig. southwest part of the Otori Unit for the first time. Previous
8A). data were obtained from the Akka area in the northeast part
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Fig. 7 Thin section micrographs of the Mn-nodules and host mudstone. All pictures except C were taken
with transmitted plane-polarized light. C was taken with cross-polarized light. (A) Mn-nodule.
Sample Asw-01. (B) Mn-nodule. Sample Asw-01. (C) Mn-nodule. Same field of view as B. (D)
Mn-nodule. Sample Yns-03. (E) Mudstone hosting Mn-nodule sample Yns-03. Scale bars are
0.5 mm. Rad: radiolarian tests.

of the Otori Unit, where the unit was originally defined
(Suzuki et al., 2007b; Ehiro et al., 2008; Muto et al., 2023).
These studies examined radiolarians from Mn-nodules in
siliceous mudstone and identified radiolarians that indicate
the Bajocian to early Bathonian (Suzuki et al., 2007b; Ehiro
et al., 2008) or the Bathonian (Muto et al., 2023). New
U-Pb age of a tuff bed within mudstone is Bathonian at
166.69 + 0.95 Ma, consistent with the above (Muto, 2025).

The three localities in this study are around 5-10 km away
from the previously studied localities (Fig. 2). Radiolarians
from samples Iwk-04 and Yns-03 indicate an Aalenian
to Bajocian age for the lower part of trench-fill clastic
sedimentary rocks. The original stratigraphic position of
sample Asw-01 that yielded Bajocian radiolarians is not
strictly known, and we propose two possibilities. The first
possibility is that the nodule was contained in mudstone
deposited in the trench area. The other possibility is that the
nodule was introduced by tectonic mixing processes into
mudstone from hemipelagic siliceous mudstone, which is
the host of some Mn-nodules in the northeast part of the
Otori Unit. In the former case, sample Asw-01 demonstrates
that the age of fine trench-fill clastics in the southwest

part of the Otori Unit is at least partly Bajocian. In the
latter case, two accretionary complexes, an older one with
Aalenian to Bajocian mudstone (bearing samples Iwk-04
and Yns-03) and a younger one with Bajocian siliceous
mudstone (bearing Asw-01), coexists in an apparently
similar structural position within the southwest part of
the Otori Unit. At present, it is not possible to determine
which of the two possibilities is true. Regardless, we can
conclude that the depositional age of clastic rocks in the
Otori Unit includes the Bajocian to Bathonian interval
and also perhaps the Aalenian. Muto (2025) provides age
constraints on the hemipelagic and trench-fill sedimentary
rocks of the Otori Unit from zircon U-Pb dating of tuffs
and sandstones. The obtained ages in the southwest part
of the Otori Unit are 174—175 Ma (Toarcian to Aalenian)
for tuffs from the hemipelagic—trench transitional area,
172 Ma (Aalenian) for a tuff within mudstone and 168 Ma
(Bathonian) for sandstone (for details, see Muto, 2025).
Thus, the zircon U-Pb ages and radiolarian ages in this
study are consistent with the order of lithological succession
expected from the conceptual oceanic plate stratigraphy.
The combined data also implies a northeastward younging
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Table 1 Occurrence list of radiolarians.
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trend of the age of accretion within the Otori Unit.

6. Conclusions

Radiolarians were obtained from Mn-nodules embedded
in mudstone within the Jurassic accretionary complex of
the North Kitakami Belt in the western part of the Kado
District, northeast Iwate Prefecture. We investigated three
samples from the Otori Unit: samples Iwk-04 and Yns-03
from grey bedded mudstone in the southwestern area of
the unit and sample Asw-01 from weathered mudstone.
Surface and internal test structure was well observed
despite the widespread metamorphism by Cretaceous
plutons. Radiolarians indicate the early Bajocian for Iwk-
04, Aalenian to Bajocian for Yns-03 and Bajocian for
Asw-01. The radiolarians provide the first approximation
of accretionary age in the area. The new age data on
accretionary age indicates the wide distribution of Middle
Jurassic accretionary units.

7. Palaeontological notes

(by Tsuyoshi Ito)

The taxonomic classification in this chapter mainly
employs the scheme of O’ Dogherty et al. (2009, 2017).
The specimens identified at the species level are described
here.

Order NASSELLARIA Ehrenberg, 1875
Family HSUUIDAE Pessagno and Whalen, 1982
Genus Parahsuum Yao, 1982
Type species Parahsuum simplum Yao, 1982

Parahsuum? grande Hori and Yao, 1988
Plate 1, fig. 7
Remarks: The specimen has an elongate conical

test composed of more than 11 segments. Continuous
longitudinal costae are present on the surface. In the distal
part, some circumferential ridges and discontinuous costae
are observed. The characteristics are the same as those of
Parahsuum? grande described by Hori and Yao (1988).

Family WILLIRIEDELLIDAE Dumitrica, 1970
Genus Hemicryptocapsa Tan, 1927
Type species Hemicryptocapsa capita Tan, 1927

Hemicryptocapsa yaoi (Kozur, 1984)

Plate 2, fig. 1; Plate 3, figs. 5, 8, 9; Plate 5, fig. 11

Remarks: The specimens have a spherical three-
segmented test with a truncate-conical cephalis, a conical
or oval upper half and a spherical lower half. The surface
of the test is ornamented with large hexagonal frames
with narrow ridges and small pores in each frame. The
characteristics are the same as those of Praezhamoidellum
yaoi described by Kozur (1984). This species was later
included into Hemicryptocapsa Tan, 1927 by O’ Dogherty
et al. (2017).

Hemicryptocapsa? cf. parvipora (Tan, 1927) sensu Yao
(1979)

Plate 3, fig. 6

Remarks: The specimens have a three-segmented test
with a conical or oval upper half and spherical lower half.
The pores on the surface of the test are sparse, small and
circular. They are the same as Tricolocapsa cf. parvipora
described by Yao (1979) in the characteristics of the test.
This species was included by Kozur (1984) in a newly
erected genus Praezhamoidellum. However, O’ Dogherty
etal. (2009,2017) later considered that Praezhamoidellum
is a junior synonym of Hemicryptocapsa Tan, 1927.
Because they did not mention the attribution of 7. cf.
parvipora sensu Yao (1979), we tentatively assign the
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Fig. 8 (A) Stratigraphic range of important radiolarian species and genera. (B) Estimated age of the radiolarian assemblages
obtained in this study.

specimens to Hemicryptocapsa with a question mark. Remarks: The specimens have a fusiform four-segmented
test. A dish-like fourth segment was recognized. The
Family DIACANTHOCAPSIDAE O’ Dogherty, 1994 characteristics are the same as those of J. fusiformis (Yao,
Subfamily JAPONOCAPSINAE Kozur, 1984 1979).
Genus Japonocapsa Kozur, 1984 Genus Yaocapsa Kozur, 1984
Type species Tricolocapsa? fusiformis Yao, 1979 Type species Cyrtocapsa mastoidea Yao, 1979
Japonocapsa fusiformis (Yao, 1979) Yaocapsa aff. mastoidea (Yao, 1979)
Plate 3, figs. 10-12 Plate 3, figs. 13, 14
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Remarks: The test of the specimens has a large basket-like
fourth segment. In outline, it closely resembles Yaocapsa
mastoidea; however, the species has a five-segmented test
in the original description by Yao (1979). Our specimens
seem to have a four-segmented test; therefore, these
specimens were identified as a separate species.

Family EUCYRTIDIELLIDAE Takemura, 1986
Genus Eucyrtidiellum Baumgartner, 1984
Type species Eucyrtidium? unumaensis Yao, 1979

Eucyrtidiellum unumaense (Yao, 1979)

Plate 1, figs. 5, 6; Plate 3, fig. 18

Remarks: The specimens have a test composed of
a small cephalis with an apical horn and a truncate-
conical thorax. The characteristics are same as those of
Eucyrtidiellum unumaense (Yao, 1979), although features
such as surface microstructure and the fourth segment are
partly or entirely lost.

Family UNUMIDAE Kozur, 1984
Genus Unuma Ichikawa and Yao, 1976
Type species Unuma typicus Ichikawa and Yao, 1976

Unuma typicus Ichikawa and Yao, 1976

Plate 3, fig. 15

Remarks: The specimen has a spindle-shaped multi-
segmented test. Longitudinal plicae without spines were
recognized on the surface. These characteristics are the
same as those of U. #ypicus Ichikawa and Yao, 1976.

Unuma echinatus Ichikawa and Yao, 1976

Plate 3, fig. 16

Remarks: The specimen has a spindle-shaped multi-
segmented test. Longitudinal plicae and some stout radial
spines from the plicaec were recognized on the surface.
These characteristics are the same as those of U. echinatus
Ichikawa and Yao, 1976.

Family Unnamed pro STICHOCAPSIDAE Haeckel, 1881
Genus Praewilliriedellum Kozur, 1984

Type species Praewilliriedellum cephalospinosum Kozur,
1984

Praewilliriedellum convexum (Yao, 1979)

Plate 3, figs. 1, 2

Remarks: The specimens have a four-segmented test
with a conical upper half and spherical lower half. The
pores on the surface of the test are small and circular. The
specimens are identical to Praewilliriedellum convexum
in these test characteristics (Yao, 1979).

Genus Quarkus Pessagno, Blome and Hull, 1993
Type species Quarkus madstonensis Pessagno, Blome

and Hull, 1993

Quarkus japonicus (Yao, 1979)

Plate 3, figs. 4

Remarks: The specimen has a four-segmented test with
a conical upper half and flattened-spherical lower half.
The pores on the surface of the test are small, circular and
arranged sparsely. These characteristics are the same as
those of Quarkus japonicus (Yao, 1979).

Family ULTRANAPORIDAE Pessagno 1977b
Genus Napora Pessagno 1977a
Type species Napora bukryi Pessagno 1977a

Napora nipponica Takemura, 1986

Plate 2, fig. 4; Plate 5, fig. 7

Remarks: The specimens have a small cephalis with
straight apical horn, hemispherical thorax and three feet.
Circular pores on the cephalis are arranged transversely
and the feet are curved convexly. These characteristics are
the same as those of Napora nipponica Takemura, 1986.

Order SPUMELLARIA Ehrenberg, 1875
Family SPONGURIDAE Haeckel, 1862
Subfamily HEXASATURNALINAE Kozur and
Mostler, 1983
Genus Hexasaturnalis Kozur and Mostler, 1983
Type species Spongosaturnalis? hexagonus Yao, 1972

Hexasaturnalis tetraspinus (Yao, 1972)

Plate 5, fig. 3

Remarks: The specimen seems to have a hexagonal ring
with four short strong spines, although the ring is partially
broken. These characteristics are the same as those of
Hexasaturnalis tetraspinus (Yao, 1972).
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Plate 1 Middle Jurassic radiolarians from sample Iwk-04. 1, 3: Japonocapsa sp.; 2: Diacanthocapsidae? gen. et sp. indet.; 4: Unuma
cf. echinatus Ichikawa and Yao, 1976; 5, 6: Eucyrtidiellum unumaense (Yao, 1979); 7. Parahsuum? grande Hori and Yao,
1988; 8: Parahsuum? sp.; 9, 10: Praeparvicingula? sp.; 11: Xiphostylus sp.; 12—16: Emiluvia? sp.; 17: Higumastra sp.; 18-20:
Acaeoniotylopsis? sp.; 21: Paronaella sp.; 22, 23: Homoeoparonaella sp.; 24: Tritrabs? sp.; 24-26: Tritrabs sp.
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Plate 2

Plate 2 Middle Jurassic radiolarians from sample Yns-03. 1: Hemicryptocapsa yaoi (Kozur, 1984); 2, 3: Eucyrtidiellum sp.; 4: Napora
nipponica Takemura, 1986; 5, 6: Napora sp.; 7-9: Stichomitra? sp.; 10: Hexasaturnalis sp.; 11: Staurolonche? sp.; 12, 13:
Higumastra? sp.; 14: Higumastra sp.; 15: Perispyridium? sp.; 16, 17: Cryptostephanidium? sp.; 18: Paronaella sp.; 19-21:
Tritrabs sp.
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Plate 3

Plate 3 Middle Jurassic radiolarians (Nassellaria) from sample Asw-01. 1, 2: Praewilliriedellum convexum (Yao, 1979);
3, 7: Praewilliriedellum? sp.; 4: Quarkus japonicus (Yao, 1979); 5, 8, 9: Hemicryptocapsa yaoi (Kozur, 1984); 6:
Hemicryptocapsa? cf. parvipora (Tan, 1927) sensu Yao (1979); 10—12: Japonocapsa fusiformis (Yao, 1979); 13, 14:
Yaocapsa aff. mastoidea (Yao, 1979); 15: Unuma typicus Ichikawa and Yao, 1976; 16: Unuma echinatus Ichikawa
and Yao, 1976; 17: Helvetocapsa? sp.; 18: Eucyrtidiellum unumaense (Yao, 1979), 19: Eucyrtidiellum sp.; 20: Farcus?
sp.; 21, 22: Closed nassellarian; 23: Mizukidella? sp.; 24: Takemuraella? sp.; 25-27: Archaeodictyomitra? sp.
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Plate 4

Plate 4 Middle Jurassic radiolarians (Spumellaria) from sample Asw-01. 1: Xiphostylus sp.; 2: Pantanellium? sp.; 3: Triactoma sp.;
4, 5: Stylosphaera? sp.; 6—8: Emiluvia? sp.; 9: Higumastra sp.; 10: Archaeohagiostrum? sp.; 11, 12: Homoeoparonaella
sp.; 13: Perispyridium? sp.
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Plate 5

Plate 5 Middle Jurassic radiolarians (Spumellaria) from sample Iwk-04, Yns-03 and Asw-01. 1, 5, 6: Unuma cf. echinatus
Ichikawa and Yao, 1976; 2, 8: Palinandromeda? sp.; 3: Hexasaturnalis tetraspinus (Yao, 1972); 4: Praewilliriedellum?
sp.; 7: Napora nipponica Takemura, 1986; 9, 10: Paronaella sp.; 11: Hemicryptocapsa yaoi (Kozur, 1984); 12—15:
Diacanthocapsidae? gen. et sp. indet.; 16: Quarticella? sp.
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Article

Accretionary age of the Jurassic accretionary complex of the North Kitakami Belt:

new data from zircon geochronology in the Kado District

MUTO Shun"’

MUTO Shun (2025) Accretionary age of the Jurassic accretionary complex of the North Kitakami Belt:
new data from zircon geochronology in the Kado District. Bulletin of the Geological Survey of Japan, vol.
76 (1/2), p. 51-100, 21 figs and 13 appendices.

Abstract: The study on the accretionary history of the Jurassic accretionary complex of the North
Kitakami Belt in Northeast Japan has been hampered by the scarcity of reports on radiolarians due to
metamorphism of Cretaceous plutons. Recently, zircon geochronology is being employed to elucidate
the age of accretion from strata that yield rare or no microfossils. This study reports zircon U-Pb
ages from igneous zircons in tuff and detrital zircons in sandstone from the 1: 50,000 Kado District in
northeast Iwate Prefecture. Based on compilation of available data, the accretionary complex distributed
in the main part of the northern Kitakami Mountains is classified mainly into the following seven
tectonostratigraphic units: The Kadoma Unit of Rhaetian to Middle or early Late Jurassic age, the Misugo
Unit of undetermined age, the Aalenian to Bathonian Otori Unit, the Bathonian to Kimmeridgian Seki
Unit the Oxfordian to Kimmeridgian Takayashiki Unit, the Kayamori Unit of undetermined age and
the Kimmeridgian Ekari Unit. The former six units are structurally stacked up in this order. The exact
structural position of the Ekari Unit is not clear, but it is correlated to the Takayashiki Unit or a lower and
younger unit, in terms of age. The new data in this study provided constraints on the accretionary age
of the Ekari, Takayashiki, Seki, Otori and Kadoma units, although detrital zircons from sandstone were
not always useful. The Ekari Unit lies in fault contact between older units, meaning that the faults have
vertical displacements. Such faults and kilometre-scale folds interrupt the general oceanward younging
trend of the accretionary complex of the North Kitakami Belt. Zircons in tuffs have not widely been
used to estimate accretionary ages, but this study shows that they can be powerful tools, especially when

microfossils are difficult to obtain.

Keywords: accretionary age, detrital zircon, Quadrangle Series, sandstone, tuff, U-Pb age

1. Introduction

The North Kitakami—Oshima Belt in Northeast Japan is
defined by the distribution of mainly Jurassic accretionary
complexes (Ehiro et al., 2005; Kojima et al., 2016; Fig.
1A). In characterization of accretionary complexes, the
time of accretion at the subduction zone plays a key role
(e.g., Matsuoka et al. 1998; Nakae, 2000) and is estimated
based on the age of trench-fill clastic rocks at the top
of the oceanic plate stratigraphy. Herein, I refer to this
age as the trench-arrival age (TAA), since the trench-fill
clastic rocks are deposited when the oceanic plate arrives
at the trench area. This terminology aims to distinguish
the depositional age of the clastic rocks from the timing of
actual accretion, which takes place when the subducting
plate submerges beneath the overriding plate. Based on
radiolarian fossils and zircon dating, the TAA of the

North Kitakami Belt-Oshima Belt is mostly within the
Jurassic, but the oldest part is late Triassic or even late
Permian, and the youngest part is Early Cretaceous (Fig.
1B). Compilation of available data (Suzuki et al., 2007a;
Ehiro et al., 2008; Uchino and Suzuki, 2020) indicate a
general younging of TAA from the southwest to northeast
(landward to oceanward) (Fig. 1B). On the other hand, age
data on TAA is limited in the North Kitakami—Oshima Belt
compared to coeval accretionary complexes in Southwest
Japan, due to the poor occurrence of radiolarians as a
result of contact metamorphism of Cretaceous plutons.
Recent development of zircon U-Pb chronology provided
the potential to obtain age data from clastic rocks from
which extraction of identifiable radiolarians is almost
hopeless (e.g., Ueda et al., 2018; Uchino, 2019; Muto
et al., 2023; Osaka et al., 2023). However, U-Pb dating
of zircons are mostly conducted on detrital zircons in

" AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation
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(A) '\ sandstones. It is known that young detrital zircons are
North Kitakami—Oshima Belt a usually only a small portion of the entire population, and
the age of the youngest population may appear older than
the depositional age by tens of millions of years, at least
in the North Kitakami—Oshima Belt (Uchino, 2021; Muto
etal.,2023). Thus, it is important to obtain data from tuffs
that will point to the depositional age of the strata.

The present author has worked on the production the
1: 50,000 geological map of the Kado District for the
Quadrangle Series of the Geological Survey of Japan,
AIST, which is located within the area of the North
Kitakami Belt (the segment of the North Kitakami—
Oshima Belt distributed in Honshu). As part of this
project, tuffs and sandstones were investigated for U-Pb
zircon geochronology. The age data from the tuffs provide
depositional ages of clastic rocks that were previously

poorly dated or not dated at all. Sandstones were
investigated to compare the age of the youngest cluster
in detrital zircons to that of tuffs from a nearby horizon.
New data are compiled with previous studies to present
the present understanding of the accretionary history and
geological structure of the North Kitakami Belt.

(B)

2. Geological outline

The Kado District of the 1: 50,000 Quadrangle Series is
situated in the central area of the North Kitakami Belt. The
Jurassic accretionary complex in this district can generally
be divided into two areas with respect to the quality and
quantity of available geological data. The northeast part,
including the area around the Akka River, was the target
of detailed geological studies by Sugimoto (1974, 1980).
Although researchers at that time were not aware that
the studied strata were formed through accretionary
processes, more recent studies adopting the concept of
accretionary complexes (Takahashi et al., 2016; Nakae
et al., 2021) proved the distribution of lithofacies and
geological structures illustrated by Sugimoto (1974, 1980)
to be mostly correct. The tectonostratigraphic division
of Jurassic accretionary complexes in this area has been
slightly different between researchers (see Muto et al.,
2023). In this study, we distinguish the Takayashiki,
Seki and Otori units in tectonically ascending order,
based on data obtained during the production of the 1:
50,000 geological map of the Kado District by the present
author (Fig. 2). The division basically follows Nakae et

~
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united into the Seki Unit as in Takahashi et al. (2016)
(“complex” in Nakae et al. (2021) is equivalent to “unit”
in this paper). This area is one of the best studied areas in
the North Kitakami Belt.

The southwest part of the Kado District, consisting of
a large part of the catchment area of the Omoto River
and the catchment area of the Mabechi River, is less

well studied. In this area, partly overlapping geological
maps were published by Onuki (1969), Yamaguchi
(1981) and Murai et al. (1985, 1986). These studies date
before the acceptance of subduction—accretion processes
by scientists working on the North Kitakami Belt. Due
to the lack of detailed traverse maps of type localities
or any age data from clastic rocks, it is difficult to re-
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interpret the published maps as accretionary complexes
or to establish precise correlation between different units
recognized therein. Based on geological surveys for the
Kado District obtained by the present author, most of the
Jurassic accretionary complex in the southwest part of the
district not classified by the detailed maps of Sugimoto
(1974, 1980) is included in the Otori Unit (Fig. 2). The
exception is the Ekari Unit in the northwest corner of
the district, and the Misugo and Kadoma units in the
southwest corner (Fig. 2). The Ekari and Misugo units
are newly recognized units and will be detailed in the
outcoming 1:50,000 map of the Kado District. The Ekari
Unit is mainly composed of broken facies of mudstone
with sandstone layers, alternating mudstone and sandstone
and muddy mixed rocks. It is bounded by faults between
the Seki Unit to the east and the Otori Unit to the west
(Fig. 2). The Misugo Unit is composed of muddy mixed
rocks and characterized by intercalations of light green
claystone within mudstone. The Kadoma Unit was
defined by Kawamura et al. (2013) and corresponds to
the Nakatsugawa Unit of Uchino (2019). The distribution
of this unit continues from the southwest edge of the Kado
District to the southwest boundary of the North Kitakami
Belt, where it is in contact with the Nedamo Belt.

In the revised tectonostratigraphic division, the Jurassic
accretionary complex in the Kado District is divided into
the Takayashiki, Seki, Otori, Misugo, Kadoma and Ekari
units. The first five units are stacked in this tectonically
ascending order, while the strict position of the Ekari
Unit is not determined. Based mainly on radiolarian
occurrences, the Seki Unit accreted during the Bathonian
of the Middle Jurassic to the Kimmeridgean of the Late
Jurassic (Nakae and Kamada, 2003; Nakae, 2016), and
the northeastern part of the Otori Unit accreted around the
Bathonian (Suzuki et al., 2007b; Ehiro ef al., 2008; Muto
et al., 2023). The Takayashiki Unit was considered to be
accreted during the Oxfordian based on an ammonoid-
bearing float (Suzuki ef al. 2007a), but this sample needs
to be viewed with great caution (see Chapter 5).

The samples investigated in this study cover all the
tectonostratigraphic units in the Kado District except
the Misugo Unit, from which suitable samples were not
obtained. Tuff samples were obtained from tuff layers with
a sedimentary contact in clastic or hemipelagic rocks, or
from bedded tuffs, rather than tuff blocks in mixed rocks.
Sandstone samples were mostly taken from medium
grained bedded sandstones. Details on the sampling
horizons are explained in the following text and figures
(Figs. 3—11).

3. Methods

The author investigated eight tuff samples and five
sandstone samples. Samples were observed in thin section
to check for the presence of zircons. Zircon separation and
U-Pb dating were conducted by Kyoto Fission-Track Co.
Ltd. Zircon U-Pb dating was conducted at the Hirata-Lab.

of the University of Tokyo by laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS). The
LA part was CARBIDE (LIGHT CONVERSION) and
the ICP-MS part was New Plasma II (Nu instruments).
Ablation pit size was 10 pm, energy density was 3.2 J/
cm?, and pulse repetition rate was 10 Hz. Laser ablation
was conducted on polished sections of zircons embedded
in PFA Teflon sheets. Analyses were performed after one-
shot cleaning. The details of the analysis are described in
lizuka and Hirata (2004) and Hirata et al. (2005). Primary
standard was the PleSovice zircon with a ¥U-*%Pb age
of 337.13 + 0.37 Ma (Slama et al., 2008). Secondary
standard was the standard zircon 91500 with a >¥U-*"Pb
age of 1062.4 + 0.4 Ma (Wiedenbeck et al., 1995) and
zircon OD-3 with a Z%U-2%Pb age of 33.04 = 0.10 Ma
(Iwano et al., 2013). U-Pb age data with 2*U-2°Pb
age/®SU—""Pb age ratio between 90 % and 110 % were
regarded as concordant age data (Tokiwa et al., 2019). For
tuffs, the zircon population with a maximum number of
grains where all the grains fall within the 95 % confidence
interval of the weighted average of the population within
2c errors were considered to indicate the age of eruption.
For sandstones the weighted mean age of the youngest two
or more grains (YClo; Dickinson and Gehrels, 2009) was
considered for estimation of accretionary age.

4. Zircon U-Pb geochronology

4.1. Kadoma Unit

One tuff sample from the Kadoma Unit was investigated
in this study. No sandstone samples were investigated.

The analyzed sample (Udg-06) was obtained in a small
tributary of Udouge Stream in the uppermost reaches of
the Mitakai River in northwest Iwaizumi Town (Fig. 3A).
The lithofacies of the Kadoma Unit around the locality is
composed of muddy mixed rocks with blocks of basaltic
rocks, siliceous and tuffaceous mudstone and chert, in
this order of abundance. These rocks of the Jurassic
accretionary complex are intruded by dyke rocks, notably
porphyric tonalite up to 30 m thick. Sample Udg-06 is a
grey tuff bed in black mudstone. The tuff bed has a sharp
contact at the base and grades upwards into mudstone (Fig.
12A). The tuff part of the sampled horizon is composed
of fine sand- to silt-sized grains supported in a matrix
of microcrystalline to cryptocrystalline quartz and white
mica (Fig. 14A—C). The grains are mostly quartz including
shards with low roundness and sphericity with smaller
amounts of plagioclase, opaque minerals and zircons (Fig.
14B, C). Part of the quartzose and micaceous matrix appear
to be pseudomorphs of felsic grains. The sedimentary
contact between tuff and mudstone is confirmed in thin
section as well (Fig. 14A). Only the tuff part of the sample
was processed for zircon extraction. Thirty zircon grains
were analyzed for U-Pb dating, all of which yielded
concordant U-Pb ages (Fig. 18A; Table A1). The age of
the grains cluster around 200 Ma, and twenty-eight of
the cluster are accepted as grains indicating the age of
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eruption, resulting in a weighted average of 203.1 = 1.2
Ma (Fig. 20).

4. 2. Otori Unit

Four tuff samples and three sandstone samples were
analyzed in this study. From the northeast part of the
Otori Unit, which is relatively well-studied and has been
included in the Otori Unit by previous studies, one tuff
sample (Okz-14) was analyzed. In this area, detrital
zircons from sandstone blocks have been analyzed by
Muto et al. (2023). The southwest part of the Otori Unit
is much less studied and is combined into this unit for the
first time. From this part of the unit, three tuff samples
(Mna-01, Iwk-03, Szm-01) and three sandstone samples
(Mtg-01, Mtg-09.5, Mtg-12) were analyzed.

4. 2. 1 Tuff (Okz-14, Mna-01, Iwk-03, Szm-01)

Sample Okz-14 was obtained from the northeast part
of the Otori Unit in Okoshi Stream, a tributary of the
Akka River in north Iwaizumi Town (Fig. 4). The rocks
distributed around the locality are coherent chert—siliceous
mudstone sequences and mixed facies of mudstone, chert
and sandstone. Muto ef al. (2023) named the former as
the Okoshizawa Subunit and the latter as the Osakamoto
Subunit. Muto et al. (2023) also reported radiolarians
from siliceous mudstone and detrital zircons from
sandstone along the same route. Sample Okz-14 was
obtained from a white tuff bed in black mudstone that
overlies a coherent chert-siliceous mudstone sequence
(Figs. 4, 12B). In thin section, this sample is composed
of quartz grains with low sphericity supported in a matrix
composed of microcrystalline to cryptocystalline quartz
and white micas (Fig. 15A, B). Part of the matrix appears
to be pseudomorphs of felsic grains. Zircons and opaque
minerals are present as accessory minerals. The tuff bed
is in contact with radiolarian-bearing mudstone with a
sedimentary boundary (Fig. 15A, B). Thirty zircon grains
from sample Okz-14 were analyzed for U-Pb dating, all
of which yielded concordant U-Pb ages (Fig. 18B; Table
A2). All grains are accepted as grains indicating the age
of eruption, resulting in a weighted average of 166.69 +
0.95 Ma (Fig. 20).

Sample Mna-01 was obtained from the southwest part
of the Otori Unit along the Minai River, a tributary of
the Omoto River in northwest Iwaizumi Town (Fig. 5).
The lithofacies around the locality is composed mainly
of muddy mixed rocks, sandstone and bedded coherent
mudstone. The latter two are considered to be blocks within
muddy mixed rocks on scales of kilometres. Sample Mna-
01 was collected from bedded tuffaceous mudstone within
an outcrop composed mostly of mudstone (Figs. 5, 12C).
In thin section, this sample is composed of mostly silt-
sized grains and a matrix composed of microcrystalline
to cryptocystalline quartz and clay minerals (Fig. 14D,
E). The grains are largely quartz, but also include lithic
fragments and plagioclase. Some of the quartz grains
are shards that are angular and have low-sphericity.
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Radiolarian tests and zircons are present as accessory
components. The association of components imply that
this sample was deposited as a mixture of volcanic tuff,
detrital grains and radiolarian skeletons in the hemipelagic
to trench area. Thirty zircon grains from sample Mna-
01 were analyzed for U-Pb dating, all of which yielded
concordant U-Pb ages (Fig. 18C; Table A3). Two has an
age of ~1800 Ma and the age of all other grains are around
175 Ma (Fig. 18C). Twenty-five of the young zircons are
accepted as grains indicating the age of eruption, resulting
in a weighted average of 174.46 + 0.93 Ma (Fig. 20).
Sample Iwk-03 was obtained from the southwest
part of the Otori Unit in a locality south of Mt. Iwakura
along Orikabe Stream, a tributary of the Mitakai River
in northwest Iwaizumi Town (Fig. 6). The lithofacies
around the locality is composed mainly of muddy mixed

rocks, sandstone, chert and bedded coherent mudstone.
The latter three are blocks within muddy mixed rocks on
scales of kilometres. Sample Iwk-03 was collected from
pale yellow bedded tuff, which is a minor lithological
component in the area (Figs. 6, 12D). A radiolarian-
yielding Mn-nodule sample was obtained close to
sample Iwk-03 (Fig. 6) (Iwk-04; Muto et al., 2025). The
position of the sampled pale yellow tuff in the oceanic
plate stratigraphy is not immediately obvious. However,
this pale yellow tuff is closely associated with siliceous
mudstone and mudstone in this route, implying that it
can be roughly correlated to a position near the boundary
between hemipelagic siliceous mudstone and trench-fill
mudstone. In thin section, this sample is composed of two
parts. The first part is composed mainly of quartz and lithic
grains with clayey and siliceous matrix, and the second
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(—p-58)

Fig. 6 Geological traverse map around Mt. Iwakura,
Kamatsuta-Gongen, Iwaizumi Town (sampling
locality of Iwk-03 and Mtg-12). Sample locality
of Muto et al. (2025) is also shown. Base map
produced from XYZ tiles provided by the Geospatial
Information Authority of Japan.

part is composed mainly of quartz grains supported in a
matrix of microcrystalline and cryptocrystalline quartz
and white mica (Fig. 14F, G). Comparing this with other
samples of known stratigraphic position, it is supported
that this lithofacies belongs to the hemipelagic interval of
the oceanic plate stratigraphy, probably in its upper part.
Thirty zircon grains from sample Iwk-03 were analyzed
for U-Pb dating, all of which yielded concordant U-Pb
ages (Fig. 18D; Table A4). The age of two of them is ~220
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Ma and the age of all other grains cluster around 175 Ma
(Fig. 18D). All grains in this cluster is accepted as grains
indicating the age of eruption, resulting in a weighted
average of 174.87 + 0.78 Ma (Fig. 20).

(< p. 60) Sample Szm-01 was obtained from the southwest part
Fig. 8 Geological traverse maps of (A) Horiappe Stream of the Otori Unit along Chinzawa Stream, a tributary of
(sampling locality of Hrp-05) and (B) the junction of the Minai River in northwest Iwaizumi Town (Fig. 3B).
the Akka and Orikabe Rivers (sampling locality of The lithofacies around the locality is composed mainly of

Odr-Kass-01), both in Akka, Iwaizumi Town. Base map
produced from XYZ tiles provided by the Geospatial
Information Authority of Japan. Note that the exposures
in the northeast edge of (B) have been altered due to
construction.

mudstone with smaller amounts of sandstone and chert
as blocks in matrix. Sample Szm-01 was collected from
a horizon of mudstone with abundant tuff layers within
an outcrop composed mostly of mudstone (Fig. 3B). In
thin section, this sample is composed of mostly silt-sized
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grains of quartz, opaque minerals, apatite, plagioclase and
zircon, in this general order of abundance (Fig. 14H-K).
I These grains are supported in a matrix composed of
microcrystalline to cryptocystalline quartz and white
mica. Part of the quartzose and micaceous matrix appear

g folded to be pseudomorphs of felsic grains. The tuff layers have a
sharp sedimentary base and grades upwards into mudstone
(Fig. 14H). The tuff-poor parts in the sample were too thin
 Fig. 13F to be trimmed and were thus included in zircon extraction.
D “Fig. 13E Tes-E-03 Thirty zircon grains from sample Szm-01 were analyzed
—Fig. 13D for U-Pb dating, of which twenty-nine yielded concordant
U-Pb ages (Fig. 18E; Table A5). Despite tuff-poor parts
|:| —Fig. 13C being included in the sample processing, all grains are
= accepted as grains indicating the age of eruption, resulting
— in a weighted average of 171.9 & 1.6 Ma (Fig. 20).
1S | —
gt &7 ~Fig.138 4.2.2 Sandstone (Mtg-01, Mtg-09. 5, Mtg-12)
D —Fig. 13A Sample Mtg-01 was obtained along the Mitakai River
near its junction with the Omoto River in northwest
Sandstone Iwaizumi Town (Fig. 7A). The lithofacies around this
Mudstone locality is composed mainly of mixed mudstone and
g'#;?tous't“ffaceous mudstone sandstone with irregular boundaries and poorly developed
cleavage. These rocks of the Jurassic accretionary complex
are intruded by many dyke rocks, most of which are
Fig. 10 Apparent stratigraphic column of the chert— andesites or porphyric quartz diorites. Sample Mtg-01 was
clastic sequence at the sampling locality of obtained from a massive sandstone outcrop surrounded
Tcs-E-03.
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stream is different from that on the base map and is indicated in dark grey.
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Fig. 12 Outcrop photographs of analyzed tuffs and associated lithologies. (A) Tuff bed in mudstone (sample Udg-06).
Black triangle indicates grading of tuff into mudstone. (B) Tuff bed in mudstone (sample Okz-14). (C) Tuffaceous
mudstone (sample Mna-01). Bedding planes are indicated by arrows labeled as “bed”. (D) Bedded pale yellow tuff
(sample Iwk-03). (E) Tuff in siliceous mudstone (sample Hrp-05).

by mixed rocks of mudstone and sandstone (Fig. 7A).
This sample consists mainly of medium grains of quartz,
plagioclase and lithic fragments and also contains
accessory components such as zircons (Fig. 17A). Sixty
zircon grains were analyzed for U-Pb dating, all of which
yielded concordant U-Pb ages (Fig. 19F; Table A6). The
majority of grains fall within the Permian, accompanied
by grains of Carboniferous through Cambrian and pre-
Cambrian age (Fig. 19D, E). The YClo age is calculated
from eleven grains and has a weighted average of 254.1
+ 1.5 Ma (Fig. 19E).

Sample Mtg-09.5 was obtained along the Mitakai River,
west of Mitakai Settlement in northwest Iwaizumi Town
(Fig. 7B). The lithofacies around this locality is composed
mainly of sandstone partly interbedded with mudstone,
mudstone, mixed facies of mudstone and sandstone, and
chert. Sandstone and chert are tectonic blocks in mixed
facies at the scale of kilometres. Sample Mtg-09.5 was
obtained from an outcrop of bedded sandstone with

mudstone interbeds (Figs. 16A). This sample consists
mainly of medium grains of quartz, plagioclase and lithic
fragments. Sixty-two zircon grains were analyzed for
U-Pb dating, all of which yielded concordant U-Pb ages
(Fig. 191; Table A10). The majority of grains fall within
the late Permian to Jurassic, accompanied by grains of
Cambrian and pre-Cambrian age (Fig. 19G, H). The late
Cenozoic grains seem to consist of several clusters with
populations around 170 Ma, 190 Ma, 220 Ma and 260
Ma (Fig. 19H). The YClo age is calculated from fifteen
grains, the largest number of grains in a youngest cluster
of detrital zircons in this study, and has a weighted average
of 168.1 + 1.0 Ma (Fig. 20).

Sample Mtg-12 was obtained along the Mitakai River
west of Mt. Iwakura in northwest Iwaizumi Town (Fig. 6).
This locality is close to the locality of the tuff sample Iwk-
03, and the lithofacies around this locality is explained
in the previous text. Sample Mtg-12 was obtained from
an outcrop of bedded sandstone with black mudstone
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Fig. 13 Outcrop photographs of analyzed tuffs and associated lithologies. (A) Chert below sample Tcs-E-03. (B) Siliceous
mudstone below sample Tcs-E-03. (C) Tuffaceous mudstone below sample Tcs-E-03. Intermediate lithofacies
between B and D. (D, E) Tuff. Same lithology as sample Tcs-E-03. (F) Black mudstone with sandstone layers (Ss)
above sample Tcs-E-03. (G) Siliceous mudstone with tuff beds (Oka-03). Bedding planes are indicated by arrows
labeled as “bed”. See Fig. 10 for location of A—F. The hammer is 33 cm long.

(— p. 65)

Fig. 14 Thin section micrographs of analyzed tuffs. Figures C, E, G and K were taken with cross-polarized light and all
others with transmitted plane-polarized light. (A—C) Tuff sample Udg-06, same field of view for B and C. (D, E)
Tuffaceous mudstone sample Mna-01, same field of view. (F, G) Tuff sample Iwk-03, same field of view. (H-K) Tuff
sample Szm-01, same field of view for G and H. Ap: apatite; LiTf: lithic tuff; Md: mudstone part; Pl: plagioclase;
QV: quartz vein; Qz: quartz; Rad: radiolarian tests; Tf: tuff part; Zrn: zircon. Scale bars are 0.5 mm.
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Fig. 16 Outcrop photographs of analyzed sandstones. (A) Sample Mtg-09.5. (B) Sample Mtg-12.
Md: mudstone beds. (C) Sample Odr-Kass-01. (D) Sample 200824-07. The pick hammer
in A—C is 33 cm long and the crack hammer in D is 40 cm long.

interbeds (Figs. 6, 16B). This sample consists mainly
of grains of quartz, plagioclase and lithic fragments and
also contains accessory components such as zircons (Fig.
17B). A large part of the grains is of medium size, but the
sample is somewhat poorly sorted. Sixty zircon grains
were analyzed for U-Pb dating, all of which yielded
concordant U-Pb ages (Fig. 19L; Table A8). The majority
of grains fall within the Permian to Jurassic, accompanied
by grains of older Paleozoic and pre-Cambrian age (Fig.
19J, K). The late Cenozoic grains seem to consist of

(«p. 66)

Fig. 15 Thin section micrographs of analyzed tuffs. Figures B,
E, G and J were taken with cross-polarized light and
all others with transmitted plane-polarized light. (A, B)
Tuff sample Okz-14, same field of view. (C, D, E) Tuff
sample Hrp-05, same field of view for D and E. (F, G)
Tuff sample Tcs-E-03, same field of view. (H) Siliceous
mudstone below sample Tcs-E-03 (Fig. 13B). (I, J) Tuff
sample Oka-03, same field of view. Bt: biotite; CS: clay
seams; Md: mudstone part; Qz: quartz; Rad: radiolarian
tests; Tf: tuff part; Zrn: zircon. Scale bars are 0.5 mm.

several populations, with peaks around 170-180, 190, 220
and 260 Ma (Fig. 19K). The YCloc age is calculated from
only two grains that belong to the youngest of these peaks
and has a weighted average of 172 + 27 Ma (Fig. 20).

4. 3. Seki Unit
4. 3.1 Tuff (Hrp-05)

This sample was obtained from the Horiappe Stream,
a tributary of the Orikabe River in northeast Iwaizumi
Town (Fig. 8A). The sample comes from a chert—clastic
sequence composed mainly of bedded chert, grey siliceous
mudstone and bedded sandstone in ascending order, which
characterizes the Seki Unit (Fig. 8A). Grey siliceous
mudstone is associated with grey mudstone which contains
only minor amounts of radiolarian tests. However, the two
rock types are usually not easily distinguished in the field,
so both are included in one lithofacies as grey siliceous
mudstone. Black to dark grey mudstone is partly present at
the top of the grey siliceous mudstone. The analyzed sample
is a grey tuff obtained from the lower part of the grey siliceous
mudstone (Figs. 8A, 12E. It is composed of fine-grained
white micas and microcrystalline to cryptocrystalline quartz
matrix and contains minor amounts of quartz grains and
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Fig. 17 Thin section micrographs of analyzed sandstones. All photographs were taken with cross-polarized light. (A) Sample
Mtg-01. (B) Sample Mtg-12. (C) Sample Odr-Kass-01. (D) Sample 200824-07. Ch: chert fragment; Kfs: K-feldspar;
Md: mudstone fragment; Pl: plagioclase; Qz: quartz; Zrn: zircon. Scale bars are 0.5 mm.

small zircons (Fig. 15C-E). Thirty zircon grains were
analyzed for U-Pb dating, all of which yielded concordant
U-Pb ages (Fig. 18F; Table A9). Most ages are gathered
around 165 Ma, while six grains are distinctly younger (Fig.
18F). The young ages were obtained from zircons that were
cracked during laser ablation. Twenty-two of the cluster are
accepted as grains indicating the age of eruption, resulting
in a weighted average of 167.4 + 1.1 Ma (Fig. 20).

4. 3. 2 Sandstone (Odr-Kass-01)

This sample was collected at the junction of the Orikabe
and Akka rivers in northeast Iwaizumi Town (Fig. 8B).
The chert—clastic sequence of the Seki Unit, much like
that in Horiappe Stream mentioned above but lacking the
grey siliceous mudstone, is exposed around this locality.
The sample was taken from an outcrop of bedded, normal-
grading sandstone with intercalated black mudstone, (Figs.
8B, 16C). This sample consists mainly of medium grains of
quartz, K-feldspars, plagioclase and lithic fragments and
also contains accessory components such as zircons (Fig.
17C). Lithic fragments include mudstone clasts, which

are easily observed also at the outcrop. Sixty-four zircon
grains were analyzed for U-Pb dating, of which sixty-two
yielded concordant U-Pb ages (Fig. 190; Table A10).
The zircon age spectra show that the majority of grains
have Triassic to Jurassic ages, while a small number of
Permian, Devonian and pre-Cambrian zircons are present
(Fig. 19M, N). The Triassic to Jurassic grains seems to
consist of several clusters, with peaks around 180, 190
and 220 Ma (Fig. 19N). The YClo age is calculated from
only three grains that sit outside these main peaks and has

(—p.69)

Fig. 18 Concordia diagrams of zircon ages from tuffs. (A) Udg-
06, Kadoma Unit. Red ellipses are concordant ages and
black dashed ellipses are discordant ages. (B) Okz-14,
Otori Unit. (C) Mna-01, Otori Unit. (D) Iwk-03, Otori
Unit. (E) Szm-01, Otori Unit. (F) Hrp-05, Seki Unit. (G)
Tcs-E-03, Takayashiki Unit. (H) Oka-03, Ekari Unit.
Figures were produced by Isoplot/Ex 4.15 (Ludwig,
2012).



206 Pb/238 U

206ppy /238y

206 Pb/238U

206p b/238U

Accretionary age of the North Kitakami Belt (MUTO)

0.040 5
0.030 L B: Okz-14
2
s
a
0.030}
0.025 |
020 025
207Pb/235U
0.4 _
C: Mna-01 2000 Ma D: lwk-03
0.035¢
7
0.030 o
02 & 0.030f
1000 S
0.025 0.025F
0.0 5 020 0.25
207Pb/235u
t E: Szm-01
0.035"
L 200 Ma
0.030f 2 0025
I s
o
0.025F e X
150
I ! L | |
0.15 0.20 0.25 0.020 0.15 0.20
207Pb/235U 207Pb/235U
" H: Oka-03 2000 Ma
| G: Tcs-E-03 o Ma i
2 » /
§o0.2f
02¢ 2 1000
1000 #0026 5o
0.024
0.022 L 0.022
0.0 / . 0.0 ,
0 5 0 6
207Pb/235U 207Pb/235U



Bulletin of the Geological Survey of Japan, vol. 76 (1/2), 2025

Otori Unit (Okz-33)

e A 0.4 o]
b n =58
F T
i g,: 02 =
8
0 L 04
0 1000 2000 200 300 005 2 4 ) ) 10
z6_25Pp Age (Ma) zy_25pp Age (Ma) wppfEy
Otori Unit (Mtg-01)
50 D E
= 14
n=60 02
| YC1io age:
r 254.1+1.5Ma -
5
T oo1r
&
0.30 0.35
00 .
° = 000 200 300 10 20
za—2oPh Age (Ma) =s—25pp Age (Ma) 7Py
Otori Unit (Mtg-09.5)
50 - G 05 |
n=62
04l
2000 Ma
o |
B
<&
S
o
g
0 = M= | o
2000 200 300
0y_25Ph Age (Ma) z0y—29pp Age (Ma)
Otori Unit (Mtg-12)
30t J 12 K
n =60
z
b
o
]
I 0.0 ' . |
g 000 0 200 300 02 4 s ' 10
z6y_26Pp Age (Ma) z8y_25pp Age (Ma) 2Py
Seki Unit (Odr-Kass-01)
50F M
n= 62 2000 Ma
o
L > 7
& .~ 0.030]
202 .
E 1000
r H]
0.025]
F 015
0 1000 2000 200 004 4 6
z6_25pp Age (Ma) z)_2pp Age (Ma) wppfEY
Takayashiki Unit (200824-07)
P 14 Q 0.4 R
n=63 2000 Ma
200 M
F @.8 0.030
> g
L 2
502
[ 1 0.025
&
0
R T8 5 050
- = 0 00p—3 4 6 8 10
1000 2000 200 300
zeJ_opp Age (Ma) =8—2pp Age (Ma) w7ppEY




Accretionary age of the North Kitakami Belt (MUTO)

a weighted average of 171.4 + 2.2 Ma (Fig. 20).

4. 4. Takayashiki Unit

Samples from the Takayashiki Unit was obtained
from outcrops along the Akka River near Kuriyama
Settlement, Iwaizumi Town, Iwate Prefecture (Fig. 9).
This route is the type locality of the Takayashiki Unit.
Chert, siliceous mudstone, bedded tuff, mudstone,
sandstone, conglomerate and muddy mixed rocks are the
main lithofacies distributed in the area and forms a tight
syncline (Fig. 9). The lithofacies is generally a broken
facies on scales of kilometres, and therefore strata on the
two limbs of folds may not be exact equivalents, also
suggested by some differences in lithofacies. On scales of
hundreds of metres or less, characters such as chert—clastic
sequences and sedimentary structures indicate coherent
facies.

4. 4. 1 Tuff (Tes-E-03)

This sample is a dark brownish grey tuff from a chert—
clastic sequence (Fig. 9). The chert—clastic sequence is
composed in ascending order of bedded chert, siliceous
mudstone, tuff, mudstone and sandstone (Figs. 10, 13A-F).
The general coarsening upward and layers with graded
bedding (Fig. 13F), flame structures or burrows mainly
in mudstone indicate a coherent facies, although folds of
metre-scale or smaller are present. Siliceous mudstone
and tuff in this sequence is not easily distinguished from
each other in the field. They are both bedded, either
dark grey to pale grey depending on the condition of
the outcrop surface, hard and have conchoidal fractures
similar to chert (Fig. 13B~E). End members can be clearly
distinguished in thin section: siliceous mudstone contains
abundant radiolarian tests (Fig. 15H), while tuff contains
abundant angular mineral fragments in microcrystalline
quartz matrix (Fig. 15F, G). On the other hand, there are
intermediate varieties making it even harder to draw a
line between siliceous mudstone and tuff in the field.
Contact metamorphism probably by subsurface plutons,
represented by the formation of biotite (Fig. 15F-H) may

(«p. 70)

Fig. 19 (A, B, D, E, G, H, J, K, M, N, P, Q) Probability density
plot of concordant zircon ages from sandstone. (A, D, G,
J, M, P) All grains. (B, E, H, K, N, Q) Late Phanerozoic
grains. (C, F, I, L, O, R) Concordia diagrams of zircon
ages from sandstone. Red ellipses are concordant ages
and black dashed ellipses are discordant ages. (A—C)
Okz-33, Otori Unit. (D—F) Mtg-01, Otori Unit. (G-I)
Mtg-09.5, Otori Unit. (J-L) Mtg-12, Otori Unit. (M—O)
Odr-Kass-01, Seki Unit. (P-R) 200824-07, Takayashiki
Unit. The youngest cluster determined by overlaps of 1o
error (YClo) is shown with deep blue in the histograms
of young grains. Red lines indicate relative probability.
Figures were produced by Isoplot/Ex 4.15 (Ludwig,
2012). Data for sample Okz-33 are reillustrated from
Muto et al. (2023).

also be contributing to the difficulty. Due to the above,
siliceous mudstone, tuff and intermediate lithofacies
(tuffaceous mudstone) are here not distinguished in
classification of lithofacies in the field.

The investigated sample was obtained from the top of
the siliceous mudstone—tuff sequence and is overlain by
mudstone with sandstone and tuff layers (Fig. 10). In thin
section, it is composed of angular, poorly sorted quartz
grains supported in a matrix of microcrystalline quartz,
white mica and biotite (Fig. 15F, G). The form of many
quartz grains are thin and sharp shards. Part of the quartzose
and micaceous matrix appears to be pseudomorphs of
felsic grains. Thirty zircon grains were analyzed for U-Pb
dating, all of which yielded concordant U-Pb ages (Fig.
18G; Table A11). One grain has an age of ~2000 Ma and
the age of all other grains cluster around 156 Ma (Fig.
18G). Twenty-eight of the cluster are accepted as grains
indicating the age of eruption, resulting in a weighted
average of 156.39 + 0.92 Ma (Fig. 20).

4. 4. 2 Sandstone (200824-07)

This sample was collected from an outcrop of bedded
sandstone within mudstone, broken alternation of
sandstone and mudstone, and conglomerate (Figs. 9, 16D).
This lithofacies composed of mudstone and coarse clastic
rocks is situated above a sequence of chert, siliceous
mudstone and mudstone to the north. Thus, the sample
comes from the clastic part of a chert—clastic sequence.
This sample consists mainly of medium grains of quartz,
K-feldspars, plagioclase and lithic fragments and also
contains accessory components such as zircons (Fig.
17D). Sixty-four zircon grains were analyzed for U-Pb
dating, of which sixty-three yielded concordant U-Pb ages
(Fig. 19R; Table A12). The majority of the grains fall
within the Jurassic, accompanied by grains of Triassic,
Permian, Carboniferous and pre-Cambrian age (Fig. 19P,
Q). The Jurassic grains seems to consist of at least three
populations, centred around 150, 170 and 180 Ma (Fig.
19Q). The YClo age is calculated from only two grains
and has a weighted average of 154 + 17 Ma (Fig. 20).

4. 5. Ekari Unit

One tuff sample from the Ekari Unit was investigated
in this study. No sandstone samples were investigated.

The analyzed sample (Oka-03) was obtained in
Okanai Stream, a tributaty of the Mabechi River in
Ekari, southeast Kuzumaki Town, Iwate Prefecture (Fig.
11). The lithofacies around the locality is composed
of mudstone, siliceous and tuffaceous mudstone, chert
and broken facies of mudstone and sandstone, although
exposures are limited. Sample Oka-03 was collected from
a white tuff bed intercalated in bedded grey siliceous
mudstone (Fig. 13G). The sample is composed of silt-
sized quartz including shards with low roundness and
sphericity supported in a matrix of microcrystalline to
cryptocrystalline quartz and white mica (Fig. 151, J).
Part of the quartzose and micaceous matrix appear to be
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pseudomorphs of felsic grains. Biotite of metamorphic
origin are present, especially around clayey seams. Thirty
zircon grains were analyzed for U-Pb dating, all of which
yielded concordant U-Pb ages (Fig. 18H; Table A13).
One has an age of ~1800 Ma and the age of all other
grains cluster around 155 Ma (Fig. 18H). Twenty-cight
of the cluster are accepted as grains indicating the age
of eruption, resulting in a weighted average of 153.27 +
0.73 Ma (Fig. 20).

5. Trench-arrival age of the Jurassic
accretionary complex in the North Kitakami Belt

The geochronological data in this study and radiolarians
from Mn-nodules reported in this issue (Muto et al., 2025)
provide new information on the tectonostratigraphic
division of the Jurassic accretionary complex of the North
Kitakami Belt. Here, I compile data that can constrain the
trench-arrival age (TAA) from the main part of the northern
Kitakami Mountains (Fig. 21). The compilation covers nine
tectonostratigraphic units. More information is available
for the seven units distributed around the Kado District,
owing to the larger number of studies that conform to
the concept of plate tectonics. These are the Kayamori,
Takayashiki, Seki, Otori, Misugo and Kadoma units that
structurally overlie one another in this order, and the Ekari
Unit. Two other units in the eastern part, the Magisawa and
Akashika units, are based on coherent formations defined
by Sugimoto (1974) and Minoura and Tsushima (1984).
They were adopted as accretionary tectonostratigraphic
units in more recent works, but studies of their characters as
accretionary complexes are very few. In this chapter, [ will
first discuss units with new data in this study and compare
them with previous age data. Following this, I will give an
overview on the trend of TAA across the North Kitakami
Belt in the main part of the northern Kitakami Mountains.

5. 1. Tectonostratigraphic units with new data in this
study

The TAA of the Kadoma Unit has been estimated in the
Sotoyama and Hayachine San districts to the southwest
of the Kado District (Matsuoka, 1988; Kawamura et al.,
2013; Uchino, 2017; Uchino, 2019; Osaka et al., 2023).
These studies showed that the Kadoma Unit has a TAA
from the Early Jurassic or possibly late Late Triassic to
the late Middle Jurassic with a younging trend towards
the northeast (oceanward) direction (Fig. 21). On the other
hand, the present study identified a tuff bed in mudstone that
has a Rhaetian (end-Triassic) age from the northeast margin
of the Kadoma Unit (Figs. 20, 21). While the confirmation
of a latest Triassic TAA is in accordance with previous
data, the occurrence of the oldest accretionary units in
the northeast margin is unexpected. This implies that the
internal structure of the Kadoma Unit is not a simple one
in which younger accretionary complexes are progressively
stacked towards the present oceanward direction.

The TAA of the northeast part of the Otori Unit was

constrained from radiolarians from Mn-nodules in siliceous
mudstone that indicate the Bajocian to Bathonian (Suzuki
et al., 2007b; Ehiro et al., 2008; Muto et al., 2023). The
tuff sample Okz-14 from mudstone has a Bathonian age
compatible with the radiolarian age (Fig. 21B). In contrast,
the detrital zircons analyzed by Muto et al. (2023) has
a YClo age ~5 Myr older (Fig. 20). Muto et al. (2023)
suggested that the YC1o age may be close to the depositional
age. However, since sandstone is expected to be younger
than siliceous mudstone in the concept of oceanic plate
stratigraphy, the YC1o age of sandstone probably does not
record its depositional age. In the case of this particular
sample, even the youngest single zircon is probably older
than the depositional age (Fig. 20).

The TAA of the southwest part of the Otori Unit is
constrained by three tuff samples of late Toarcian to
Aalenian age and the sandstone sample Mtg-09.5 with a
Bathonian YClo age (Fig. 21B). The YClo age of sample
Mtg-09.5 is consistent with data from tuffs, and hence is
likely close to its depositional age. In addition, this sample
has a youngest cluster consisting of fifteen grains (~25
% of total grains), much more than in other sandstone
samples. The YClo age of the sandstone sample Mtg-12
is not in direct contradiction with these data, but will not be
considered further for TAA because of its large uncertainty.
The sandstone sample Mtg-01 yielded a latest Permian
YClo age, which is calculated from the young portion of
a prominent Permian population (Fig. 19D). This age is
unlikely to represent TAA considering other data from the
Otori Unit. Notably, this sample is unique in containing
Mesoproterozoic and Neoproterozoic grains (Fig. 19).
Perhaps sample Mtg-01 has a very small portion of grains
from Mesozoic provenances, so that Mesozoic grains were
undetected, while in other samples, Mesoproterozoic and
Neoproterozoic grains were undetected due to dilution from
Mesozoic provenances.

The position of the tuffs from the southwest part of the
Otori Unit in the oceanic plate stratigraphy is the upper part
of the hemipelagic siliceous mudstone interval for Iwk-03,
siliceous mudstone to mudstone interval for Mna-01 and
the mudstone interval for sample Szm-01. The U-Pb age
of these samples, that of the sandstone sample Mtg-09.5,
and the age of mudstone indicated by radiolarians from
Mn-nodules (Muto et al., 2025) is completely consistent
with the stratigraphic order assumed from the lithology of
the samples (Fig. 21B). Two Mn-nodules from grey bedded
mudstone that contains mostly clay-sized detrital grains
and only rare silt-sized ones (Fig. 7E of Muto et al., 2025)
yielded Aalenian to Bajocian radiolarians (Muto et al.,
2025). This lithology is likely to represent the lower portion
of trench-fill clastic rocks. This interval corresponds to or is
close to where tuff samples Iwk-03 and Mna-01 are derived
from, which is in accordance with the late Toarcian to early
Aalenian U-Pb age of the tuffs (Fig. 21B). The mudstone
hosting sample Szm-01 and sandstone represented by
sample Mtg-09.5 are from successively higher horizons, in
good agreement with the respective Aalenian and Bajocian
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Fig. 21 (A) Constraints on the accretionary age of the North Kitakami Belt plotted on a simplified geological map of the main
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a useful key horizon, the palaco-seamount comprising the Akka Limestone and its basement mafic rocks is differentiated
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Fault. (B) Data in figure A shown with uncertainties and position of sample in the oceanic plate stratigraphy against the
international chronostratigraphy (2023 version; Cohen et al., 2013; updated). HCNS.5: Fig. 8.5 of Kawamura ef al. (2013);
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or Bathonian ages (Fig. 21B). A Mn-nodule sample from
mudstone that has possibly experienced tectonic mixing
(Asw-01) yielded late Bajocian radiolarians, and is
regarded to indicate the age of either mudstone or siliceous
mudstone (Muto et al., 2025). The former case seems more
favourable considering that the structural position of this
locality is apparently close to samples Mna-01 and Mtg-
09.5 that indicate trench-fill clastic deposition during the
Bajocian. However, a decisive conclusion is suspended,
partly because geological structures around the locality of
sample Asw-01 is somewhat complex. Regardless, it is safe
to conclude that the southwest part of the Otori Unit consists
of an oceanic plate that moved into the hemipelagic zone
in the late Toarcian to Aalenian and passed into the trench
during the Aalenian to Bathonian.

Based on the above, the entire Otori Unit, despite its wide
distribution, has a TAA within a short window between
the Aalenian to Bathonian. There appears to be a slight
younging trend of TAA within the Otori unit towards the
structurally lower part (Fig. 21), implying that imbricate
structures during accretion is preserved in the unit. Further
data constraining the entire span of depositional age of
hemipelagic to trench-fill sedimentary rocks in different
parts of the Otori Unit are desired in order to confirm this
trend.

The TAA of the Seki Unit was constrained from
siliceous mudstone that has a range from the Bathonian to
Kimmeridgian and mudstone of Kimmeridgian age (Nakae
and Kamada, 2003; Nakae, 2016). The tuff sample Hrp-05
from siliceous mudstone is Bathonian, consistent with the
above (Fig. 21). On the other hand, the YC 1 age of detrital
zircons from sandstone is ~4 Myr older (Fig. 20). As in the
case of sample Okz-33 of the Otori Unit, the YClo age of
sandstone probably does not record its depositional age. In
contrast, the youngest single zircon in the sandstone sample
(161.5 £ 3.3 Ma) is younger than the age of the tuff sample
and may be close to the depositional age of the sandstone
(Fig. 20). In sum, the TAA of this unit has a range from the
Bathonian to Kimmeridgian.

The Takayashiki Unit was estimated to have an Oxfordian
TAA based on an ammonoid bearing float (Suzuki et al.,
2007a). New data in this study indicate that the tuff between
the hemipelagic and trench-fill strata was deposited in
the late Oxfordian and the sandstone around the early
Kimmeridgian or younger, although uncertainties are
large (Figs. 20, 21). While the new data do not contradict
with the previous age by the ammonoid bearing float,
the ammonoid occurrence needs to be treated with great
caution. Firstly, the origin of the float is quite obscure.
Not only is the sample a float, but the description of the
collected site is not consistent between authors. Onuki
(1956) wrote that the specimen was collected in a stream
southeast of the Iwaizumi Electric Powerplant, which is to
the west of the junction of the Soiri and Omoto rivers (p.139
therein), but Suzuki et al. (2007), incorporating personal
communications, stated that the float was collected to the
east of the said junction (p.166 therein). Secondly, detailed

surveys of the Takayashiki Unit have never reported the
occurrence of macrofossil-bearing sandstones (Sugimoto,
1974, 1980; Takahashi et al., 2016; Nakae et al., 2021). Due
to the above, I consider that the present zircon data are the
only robust age constraints for the TAA.

The TAA of the Ekari Unit is constrained by the tuff
from siliceous mudstone that has a Kimmeridgian age.
This unit must have arrived at the trench shortly following
this time, around the end of the Jurassic. This age is much
younger than the accretionary age of the Otori Unit that is
distributed next to the Ekari Unit with fault contacts. In fact,
it is even younger than known hemipelagic or clastic rocks
of the Takayashiki Unit, which is the youngest accretionary
complex in the study area. Because younger accretionary
complexes are accreted tectonically below older ones, the
present juxtaposition of Ekari Unit to the Otori Unit can
be attributed to vertical displacement by the bounding
faults (F1 and F2 in Fig. 21A), although deformation
structures showing the sense of displacement have not
been found. This is the first time that an accretionary
complex correlative to the Takayashiki Unit or younger
units has been identified west of the boundary between the
Takayashiki and Seki units. The lithofacies of the Ekari Unit
has shared characteristics with the Takayashiki Unit such
as the wide distribution of mudstone with broken beds of
sandstone. However, there are also distinct differences, such
as the abundance of conglomerate and basaltic rocks that is
only widely distributed in the Takayashiki Unit. Therefore,
the two are treated as separate units in the present study.

5.2. Trends of trench-arrival age in the North
Kitakami Belt

From compilation of available data, it is confirmed that
a large part of the North Kitakami Belt in the northern
Kitakami Mountains is composed of accretionary units that
generally become older towards the southwest in terms
of TAA (Fig. 21A). The TAA of adjacent units appears to
be separated by very short gaps or even overlapping. For
example, the age of mudstone in the Seki and Takayashiki
units overlaps around the Kimmeridgian and the age of
siliceous mudstone in the Seki and Otori units overlap in
the Bathonian (Fig. 21). In addition, the TAA of the Otori
and Kadoma units probably overlaps around the Aalenian
to Bathonian, even though the Misugo Unit lies between
them. Accordingly, the boundary of tectonostratigraphic
units cannot simply be explained as temporal gaps in the
formation of accretionary prisms. Rather, the boundaries are
related to sudden changes in the lithology of accretionary
complexes and/or post-accretion juxtaposition of
accretionary complexes with different lithologies.

The general structure of tectonostratigraphic units being
stacked in the NE-SW direction is interrupted by structures
of smaller scales, mostly due to kilometre-scale folds and
faults (Fig. 21A). These include sets of synclines and
anticlines in the Kado District and to its north, many of
which have been previously recognized (e.g., Sugimoto,
1974). In addition, this study identified faults with vertical
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displacements that caused the Ekari Unit to be uplifted from
its original structurally lower position (“F1” and “F2” in
Fig. 21A). The F1 fault was regarded as an extension of the
Kuzumaki Tectonic Line/Fault (Sugimoto, 1974; Onuki,
1981), but this is not followed here because the nature of
these faults are quite different. The F2 fault was shown by
Onuki (1969) as the Kunizakaitoge Fault. Of the F1 and F2
faults, the latter with the larger displacement is tentatively
regarded as an extension of the Oritsume Fault, which
is an active fault, and the Kuzumaki Fault sensu Nakae
(2018) and Nakae ef al. (2021) (Fig. 21A). The Oritsume
and Kuzumaki faults cut between the Seki Unit and the
“Kuzumaki Unit” (see next paragraph for notes on this unit)
and the Oritsume Fault is the segment that was reactivated in
the late Neogene. If the assumption that the F2, Kuzumaki
and Oritsume faults are connected is correct, this fault is a
major geological structure cutting more than 30 km through
the North Kitakami Belt. Faults with vertical displacements
like the F1 and F2 faults have not received much attention
in the past, but they may be important in understanding
the geological structure of the North Kitakami Belt. New
data of the eastern margin of the Kadoma Unit revealed
a significant reversal in the trend of TAA in the unit (Fig.
21). This may be due to folds or faults similar to those
explained above. In fact, the sampled locality is very close
to the Kamatsuta—Natsuya—Michimata Fault, which cuts the
eastern margin of the Kadoma Unit in the area (Fig. 21A).
However, currently available information on geological
structure is not sufficient to clarify why the TAA of the
northeastern margin of the Kadoma Unit is so old.

The area to the east and northwest of the Kado District is
poorly studied in terms of the tectonic history of accretionary
complexes. Below is a brief summary of the current status.
In the eastern area near the Pacific coast, the Magisawa and
Akashika units can be recognized from lithostratigraphic
formations established originally by Sugimoto (1974).
Sugimoto originally defined another formation, the
Koshimeguri Formation, above the Magisawa Formation,
but the two were combined by Minoura and Tsushima (1984),
which was followed by Ehiro et al. (2008). The Magisawa
and Akashika units cannot yet confidently be correlated
to accretionary units further inland and are maintained
as distinct units herein. The Magisawa Unit yielded
Middle Jurassic radiolarians from siliceous mudstone
and alternating mudstone and sandstone (Matsuoka and
0ji, 1990) and Middle or Late Jurassic radiolarians from
mudstone intercalated in bedded sandstone (Minoura
and Tsushima, 1984). This, along with the lithofacies of
the Magisawa Unit which is characterized by coherent
sequences of chert, siliceous mudstone, mudstone and
sandstone, suggest that the unit may correspond to the Seki
Unit. On the other hand, the structurally lower Akashika
Unit contains limestone and greenstone, and therefore may
correspond to the Takayashiki Unit. However, proof of this
correlation awaits additional data from the Magisawa and
Akashika units. In the area northwest of the Kado District,
the Kuzumaki and Gobakubo formations were recognized

before the acceptance of plate tectonics by researchers (Iwai
et al., 1964). These formations have been translated to
tectonostratigraphic units of accretionary complexes (Ehiro
et al., 2008; Nakae ef al., 2021), but the poor description
of the original definition makes it very difficult to correlate
these units with more well-established accretionary units.
The “Kuzumaki Unit” may be equivalent to the Otori
Unit, based on TAA and structural position (Fig. 21). In
the absence of clear definitions, these two units are not
formally distinguished in the present compilation.

Data on TAA have been obtained in the southeastern part
of the North Kitakami Belt outside the area of compilation
in the present study (Yoshihara et al., 2002; Suzuki and
Ogane, 2004; Suzuki et al., 2007a). Correlation of this area
with the compilation in the present study is difficult, due to
apparent discontinuity in the geological structure and lack
of data in the area that lies between. Hence, the southwest
part of the North Kitakami Belt will not be dealt with in
this study.

6. Detrital zircon age as an indicator for
trench-arrival age

Detrital zircon analysis of sandstone is often used as
a means to constrain the age of fossil-barren strata, in
concrete, coarse clastic rocks and metamorphosed rocks
(e.g., Shimura et al. 2017; Uchino, 2019). In the Jurassic,
Cretaceous and early Paleogene accretionary complexes
of Southwest Japan in the Kii Peninsula and Shikoku,
youngest clusters of detrital zircons of sandstone are
generally in accordance with ages based on radiolarians
and tuffs (Shimura et al., 2019; Tokiwa et al., 2019, 2021;
Hara et al., 2017, 2020). In these cases, the age of the
youngest cluster of detrital zircons are likely to be close
to the depositional age of the sandstone. In the case of
the accretionary units around the Kado District, most
sandstone samples did not yield depositional ages or had
large uncertainties due to the small number of grains in the
youngest cluster. In particular, parts of the Seki and Otori
units formed in the Bajocian to Bathonian yielded YClo
ages of ~170 Ma, in three out of four cases (Fig. 21B). This
suggests the dominance of ~170 Ma detrital zircons and
the scarcity of younger zircons in the subduction zone of
the North Kitakami Belt during the Bajocian to Bathonian.
In the present study, the only detrital zircon age regarded to
be close to the depositional age is that of sample Mtg-09.5
of the Otori unit. This sample is outstanding in that the
youngest cluster consists of ~25 % of all grains, whereas
the percentage is generally less than 10 % in the North
Kitakami Belt (Uchino, 2019, 2021; Muto et al., 2023,
Osaka et al., 2023; this study).

It is noteworthy that the number of grains measured
for each sample in this study (~60) is smaller than
that in previous studies which at least partly obtained
detrital zircon ages compatible with radiolarian-based
depositional ages (Shimura et al., 2019; Tokiwa et al.,
2019, 2021; Hara et al., 2020). In theory, 60 grains would
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suffice to detect a population that constitutes 5 % of the
entire population by 95 % (Dodson et al., 1988). Based
on the same theoretical calculation (e.g., Johnstone et al.,
2019; updated), in order to obtain at least three grains by
a probability of 95 %, which would generally giveaYClo
age with small enough errors for meaningful discussion,
the youngest population needs to be more than 10 % of
the entire population. The necessary number of grains to
detect one or any given number of the youngest population
depends on the relative abundance of the youngest
population. Therefore, there can be no universal criteria
for the number of grains to analyze to obtain depositional
ages (Sharman and Malkowski, 2020). In reality, even
in active trenches, where zircons with ages close to the
sedimentary age are relatively abundant, the proportion
of zircons within 10 Myr of the depositional age can
be less than 1 % (Clift et al., 2013). This will require
analysis of 630 grains in order to capture 3 grains from
the youngest population (Johnstone et al. 2019; updated).
On the other hand, analysis of 60 grains have yielded
YClo ages compatible with microfossil age in some
ancient sediments (e.g., Hara et al., 2017). In the case of
the Middle Jurassic units of the North Kitakami Belt, the
situation is closer to the former case.

7. Summary

Tuffs and sandstones from the Kado District of the 1:
50,000 Quadrangle Series were analyzed for U-Pb dating
in order to better understand the division and accretionary
history of the North Kitakami Belt. The new data provide
constraints for the trench-arrival age (TAA) of the Jurassic
accretionary complex in the Kado District. Based on
compilation of new data and previous data, the following
points were clarified.

(1) The main tectonostratigraphic units and their TAA
in the northern Kitakami Mountains are in structurally
ascending order, the Kayamori Unit of undetermined
age, the Oxfordian to Kimmeridgian Takayashiki Unit,
the Bathonian to Kimmeridgean Seki Unit, the Aalenian
to Bathonian Otori Unit, the Misugo Unit of undetermined
age and the Rhaetian to Middle or early Late Jurassic
Kadoma Unit.

(2) In addition to the above, the Kimmeridgian Ekari
Unit, equivalent to the Takayashiki Unit or a structurally
lower unit, was recognized.

(3) These units are distributed with a general younging
polarity to the northeast, but the polarity is interrupted
by folds and faults with vertical displacements. Some
folds and faults that contribute to these interruptions are
probably not yet recognized.

(4) Accretionary complexes in the east, northwest and
southeast part of the northern Kitakami Mountains remain
poorly correlated.

(5) Zircons in tuffs in hemipelagic and trench-fill
sediments are useful material in constraining TAA, while
detrital zircons in sandstone are generally less reliable,

particularly in the Middle Jurassic of the North Kitakami
Belt.
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Appendix

Table A1 Zircon U-Pb isotopic data for sample Udg-06 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zZ:Pb E;ror 2ZOSZPb E;ror 220375Pb E;ror 2ZOSZPb E;ror zj;?b Er2 ror (p:m ) (p':;?n )
Pb o U o U o U o u o
1 0.0472 0.0040 0.0325 0.0014 0.2112 0.0197 2059 + 93 1946 + 198 136 80
2 0.0511 0.0052 0.0320 0.0017 0.2257 0.0250 2033 = 112 2066 * 251 89 15
3 0.0534 0.0029 0.0326 0.0010 0.2406 0.0150 2070 * 64 2189 £ 151 316 202
4 0.0517 0.0036 0.0317 0.0012 0.2265 0.0172 2013 = 76 2073 = 173 205 95
5 0.0462 0.0021 0.0321 0.0008 0.2043 0.0106 2034 =+ 50 188.7 + 10.7 586 429
6 0.0524 0.0028 0.0321 0.0010 0.2320 0.0142 2038 * 6.2 2119 + 143 339 208
7 0.0501 0.0030 0.0325 0.0011 0.2247 0.0150 2062 * 6.8 2058 + 152 278 167
8 0.0508 0.0023 0.0319 0.0008 0.2233 0.0118 2024 + 52 2047 = 119 517 353
9 0.0493 0.0027 0.0315 0.0009 0.2144 0.0134 2002 * 6.0 1973 + 135 344 228
10 0.0512 0.0034 0.0317 0.0011 0.2236 0.0166 2010 = 73 2049 £ 16.7 220 131
11 0.0500 0.0025 0.0318 0.0009 0.2192 0.0124 201.8 + 55 2013 = 125 440 275
12 0.0537 0.0042 0.0313 0.0013 0.2321 0.0201 1988 + 86 2119 =+ 202 150 57
13 0.0499 0.0038 0.0316 0.0013 0.2173 0.0181 2003 = 8.1 1996 + 182 172 65
14 0.0487 0.0026 0.0308 0.0009 0.2067 0.0125 1953 + 56 1908 =+ 126 384 258
15 0.0490 0.0028 0.0315 0.0010 0.2128 0.0135 1999 =+ 6.1 1959 + 137 330 149
16 0.0490 0.0033 0.0324 0.0012 0.2187 0.0164 2063 = 75 2008 + 16.5 217 119
17 0.0495 0.0037 0.0320 0.0013 0.2182 0.0181 2029 + 82 2004 =+ 182 174 69
18 0.0504 0.0034 0.0313 0.0011 0.2178 0.0162 1987 + 7.2 2000 * 163 222 111
19 0.0500 0.0034 0.0316 0.0011 0.2184 0.0164 2008 + 7.3 2006 + 16.5 218 124
20 0.0505 0.0039 0.0331 0.0014 0.2310 0.0198 2102 = 90 2110 = 199 153 80
21 0.0499 0.0024 0.0316 0.0008 0.2175 0.0120 2006 * 53 1998 + 121 471 307
22 0.0477 0.0039 0.0316 0.0013 0.2082 0.0184 200.7 + 85 1920 + 185 155 63
23 0.0469 0.0035 0.0324 0.0013 0.2099 0.0173 2058 =+ 841 1935 + 174 181 90
24 0.0521 0.0038 0.0319 0.0013 0.2290 0.0186 2023 + 82 2094 + 187 174 86
25 0.0512 0.0034 0.0302 0.0010 0.2136 0.0154 1919 =+ 67 1966 =+ 156 242 110
26 0.0496 0.0030 0.0323 0.0010 0.2209 0.0147 2047 = 6.7 2026 =+ 149 285 161
27 0.0514 0.0023 0.0328 0.0008 0.2328 0.0122 2082 * 54 2125 * 123 511 364
28 0.0525 0.0029 0.0313 0.0009 0.2267 0.0139 1986 + 6.0 2075 £ 140 343 131
29 0.0487 0.0033 0.0327 0.0012 0.2194 0.0165 2073 + 76 2014 =+ 166 216 134
30 0.0513 0.0017 0.0322 0.0006 0.2281 0.0092 2045 =+ 40 2086 * 93 1234 972

Standards are the same as in Table A8
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Table A2 Zircon U-Pb isotopic data for sample Okz-14 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zZ;Pb Error _*"Pb  Error _**Pb  Error | **Pb Error __*Pb Error (p;tJm) (p;rn)
Pb 20 235 20 238 20 238 20 235 20
1 0.0499 0.0025  0.1790 0.0107  0.0260 0.0008 1654 + 5.1 1672 + 10.8 504 207
2 0.0488 0.0021 0.1784 0.0095 0.0265 0.0007 1685 + 4.8 166.7 + 9.6 735 314
3 0.0488 0.0021 0.1768 0.0094  0.0262 0.0007 1669 + 4.8 1653 + 95 749 635
4 0.0486 0.0022 0.1766 0.0097 0.0263 0.0008 1676 + 49 1651 + 9.8 652 276
5 0.0494 0.0020  0.1785 0.0092  0.0262 0.0007 1666 + 4.7 166.8 + 9.3 839 692
6 0.0473 0.0024 0.1743 0.0107 0.0267 0.0008 1701 + 54 163.1 + 10.8 467 388
7 0.0525 0.0030  0.1916 0.0128  0.0264 0.0009 1683 + 58 1780 = 129 34 346
8 0.0471 0.0023 0.1744 0.0104 0.0268 0.0008 1706 + 53 1632 + 10.5 516 293
9 0.0499 0.0018 0.1793 0.0087 0.0261 0.0007 1658 + 45 1675 + 88 1059 306
10 0.0477 0.0019  0.1725 0.0087  0.0262 0.0007 166.7 + 4.6 1616 + 88 917 603
" 0.0489 0.0017 0.1777 0.0082 0.0263 0.0007 1675 + 44 166.1 + 8.3 1317 729
12 0.0503 0.0026 0.1812 0.0112 0.0261 0.0008 166.1 + 53 169.1 + 11.3 446 213
13 0.0494 0.0027 0.1751 0.0111 0.0257 0.0008 1634 + 53 1639 + 11.2 427 336
14 0.0485 0.0019  0.1731 0.0086  0.0259 0.0007 1647 + 45 1621 + 87 976 576
15 0.0483 0.0019 0.1731 0.0088 0.0260 0.0007 1654 + 4.6 1621 + 89 903 476
16 0.0478 0.0016  0.1751 0.0084  0.0265 0.0009 168.7 = 57 1638 + 85 962 447
17 0.0489 0.0018 0.1762 0.0089 0.0261 0.0009 166.0 + 57 1648 + 9.0 789 660
18 0.0506 0.0024 0.1843 0.0110 0.0264 0.0010 1681 + 6.3 1717 = 1141 447 397
19 0.0506 0.0030  0.1819 0.0128  0.0260 0.0011 165.7 + 6.8 169.7 + 129 285 240
20 0.0496 0.0015 0.1803 0.0081 0.0264 0.0009 1678 + 56 168.3 + 8.2 1241 730
21 0.0489 0.0015  0.1764 0.0081 0.0261 0.0009 1662 + 55 165.0 + 82 1155 910
22 0.0488 0.0014 0.1746 0.0076 0.0259 0.0008 165.0 + 54 1634 + 7.7 1547 1300
23 0.0510 0.0027  0.1868 0.0121 0.0265 0.0010 1689 + 6.6 1739 + 122 351 347
24 0.0485 0.0018 0.1757 0.0087 0.0262 0.0009 1669 + 57 1644 + 88 862 267
25 0.0501 0.0017  0.1817 0.0086  0.0263 0.0009 1673 = 57 1696 + 87 981 394
26 0.0517 0.0028 0.1890 0.0124 0.0265 0.0010 1686 + 6.7 175.7 + 126 330 161
27 0.0501 0.0024 0.1834 0.0108 0.0266 0.0010 1689 + 6.3 171.0 + 109 468 371
28 0.0522 0.0024  0.1876 0.0107  0.0260 0.0009 165.7 + 6.1 1745 + 108 502 238
29 0.0512 0.0020 0.1823 0.0096 0.0258 0.0009 1643 + 58 1700 + 97 676 560
30 0.0485 0.0014  0.1703 0.0075  0.0255 0.0008 1621 + 53 1597 + 76 1441 827
Standards
91500epo 4-1| 0.0762 0.0032 1.9001 0.1263 0.1808 0.0091 1071.3 + 583 1081.1 + 120.8 78 26
91500epo 4-2 | 0.0754 0.0031 1.9344 0.1258  0.1860 0.0091 10996 + 58.6 1093.1 + 1203 82 31
91500epo 4-3 | 0.0748 0.0031 1.9631 0.1297 0.1901 0.0095 11219 + 611 11029 + 1238 78 38
91500epo 4-4 | 0.0734 0.0030 1.8238 0.1175 0.1802 0.0087 1068.1 + 55.7 10540 + 1128 86 31
91500epo 4-5| 0.0708 0.0029 1.7801 0.1152  0.1823 0.0088 10795 + 56.3 10382 + 110.7 86 33
GJ14-1 0.0596 0.0020 0.7859 0.0367 0.0956 0.0027 5886 + 17.6 5888 + 36.6 391 24
GJ14-2 0.0601 0.0019  0.8070 0.0371 0.0973 0.0028 5986 + 17.7 6008 + 37.0 411 28
GJ14-3 0.0608 0.0019 0.8188 0.0375 0.0976 0.0028 6003 * 17.7 6074 =+ 374 415 25
GJ14-4 0.0600 0.0019  0.7888 0.0364  0.0953 0.0027 587.0 + 17.3 5905 + 363 413 21
GJ14-5 0.0593 0.0019 0.7988 0.0371 0.0976 0.0028 6004 =+ 179 596.2 + 37.0 396 27
OD-34-1 0.0487 0.0041 0.0346 0.0030  0.0052 0.0002 331 + 10 346 *+ 3.1 799 1123
OD-34-2 0.0447 0.0037 0.0315 0.0027 0.0051 0.0002 329 + 10 315 + 27 920 1294
OD-34-3 0.0487 0.0038 0.0346 0.0028 0.0051 0.0002 331 £ 10 345 + 29 947 1349
OD-34-4 0.0454 0.0041 0.0324 0.0030  0.0052 0.0002 332 + 11 324 + 30 749 804
OD-34-5 0.0430 0.0037 0.0308 0.0027 0.0052 0.0002 333 + 10 308 + 28 872 1093
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Table A3 Zircon U-Pb isotopic data for sample Mna-01 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zz; Pb E;ror 2:;Pb Error zzjfb Error 2;)36an Error 2:;Pb Error ( p;Jm ) ( p-lp;:1 )
Pb (o} U 20 U 20 U 20 U 20

1 0.0456 0.0028 0.1807 0.0120 0.0288 0.0009 1827 + 55 168.7 = 121 186 66

2 0.0496 0.0025 0.1929 0.0105 0.0282 0.0007 1793 + 45 1791 + 106 305 204

3 0.0476 0.0021 0.1950 0.0095 0.0297 0.0007 1886 =+ 4.3 1809 =+ 96 427 263

4 0.0487 0.0019 0.1840 0.0079 0.0274 0.0005 1743 + 35 1715 + 80 712 213

5 0.0491 0.0023 0.1825 0.0095 0.0269 0.0006 1714 = 441 1702 = 96 365 191

6 0.0476 0.0024 0.1827 0.0100 0.0278 0.0007 1769 =+ 45 1704 + 10.1 310 234

7 0.0490 0.0015 0.1722 0.0061 0.0255 0.0004 1621 = 27 1613 = 6.2 2202 1220

8 0.049 0.0027 0.1854 0.0110 0.0271 0.0007 1723 + 47 1727 = 111 245 184

9 0.0484 0.0032 0.1886 0.0135 0.0282 0.0009 1795 =+ 59 1754 + 136 148 87

10 0.0488 0.0027 0.1856 0.0112 0.0276 0.0008 17563 = 49 1728 = 113 233 144

1 0.0497 0.0019 0.1888 0.0081 0.0276 0.0005 1752 + 35 1756 =+ 82 704 224

12 0.0483 0.0019 0.1808 0.0079 0.0271 0.0005 1726 = 35 1687 = 80 687 347

13 0.0508 0.0026 0.1892 0.0104 0.0270 0.0007 1716 =+ 44 1759 = 105 297 131

14 0.0499 0.0029 0.1897 0.0118 0.0276 0.0008 1753 = 50 1764 = 119 212 137

15 0.0486 0.0020 0.1805 0.0082 0.0269 0.0006 1712 + 36 1685 =+ 83 594 342

16 0.0495 0.0021 0.1851 0.0091 0.0271 0.0006 1725 + 39 1725 = 92 454 240

17 0.1136 0.0029 4.8587 0.1820 0.3101 0.0074 | 17414 = 476 17951 + 169.8 280 73

18 0.0510 0.0023 0.1919 0.0098 0.0273 0.0006 1735 = 441 1783 = 99 395 233

19 0.1127 0.0029 5.1118 0.1953 0.3286 0.0082 | 1831.7 * 526 18381 + 1811 245 202

20 0.0528 0.0027 0.1959 0.0110 0.0269 0.0007 1709 =+ 45 1817 = 11.2 285 138

21 0.0480 0.0020 0.1810 0.0088 0.0274 0.0006 1740 = 39 1689 = 89 493 222

22 0.0482 0.0022 0.1789 0.0093 0.0269 0.0006 171.0 = 441 1671 + 94 392 239

23 0.0476 0.0031 0.1768 0.0126 0.0270 0.0009 1714 = 55 1653 = 127 168 91

24 0.0502 0.0028 0.1876 0.0115 0.0271 0.0008 1722 = 49 1746 = 116 233 154

25 0.0499 0.0017 0.1866 0.0077 0.0271 0.0005 1724 = 33 1737 = 78 924 588

26 0.0471 0.0021 0.1795 0.0091 0.0276 0.0006 1754 = 441 1676 =+ 92 426 188

27 0.0476 0.0026 0.1760 0.0106 0.0268 0.0007 1703 =+ 46 1646 = 107 259 103

28 0.0495 0.0025 0.1849 0.0106 0.0271 0.0007 1722 = 45 1723 = 107 286 140

29 0.0498 0.0015 0.1895 0.0070 0.0276 0.0005 1754 =+ 3.0 1762 = 71 1656 665

30 0.0506 0.0026 0.1887 0.0107 0.0270 0.0007 1720 = 45 1755 = 10.8 293 200

Standards

91500 tef 1-1 | 0.0758 0.0032 1.9032 0.0853 0.1819 0.0073 | 1077.3 + 47.2 10822 + 832 102 30
91500 tef 1-2 | 0.0728 0.0030 1.7870 0.0792 0.1780 0.0071 10559 + 454 1040.7 + 774 108 36
91500 tef 1-3 [ 0.0766 0.0031 1.9128 0.0825 0.1811 0.0071 10729 + 455 1085.6 * 80.5 114 38
91500 tef 1-4 [ 0.0751 0.0031 1.8754 0.0821 0.1809 0.0072 | 1072.0 + 459 10724 + 80.1 110 37
91500 tef 1-5 [ 0.0766 0.0031 1.9165 0.0820 0.1814 0.0071 10747 + 453 1086.8 + 80.0 116 34
91500 tef 1-6 | 0.0759 0.0025 1.8875 0.0921 0.1802 0.0061 1067.8 + 393 1076.7 + 894 109 34
91500 tef 1-7 | 0.0738 0.0025 1.8124 0.0887 0.1780 0.0060 | 1056.3 + 38.8 10499 + 86.3 109 35
GJ11-1 0.0604 0.0024 0.8149 0.0278 0.0978 0.0030 6016 + 194 6052 + 279 374 20
GJ11-2 0.0607 0.0023 0.8258 0.0276 0.0986 0.0030 606.3 * 19.3 6113 + 277 406 24
GJ11-3 0.0602 0.0023 0.8130 0.0270 0.0979 0.0030 6020 £ 191 6041 £ 271 420 23
GJ11-4 0.0613 0.0024 0.8303 0.0275 0.0982 0.0030 6039 =+ 191 6138 + 275 422 24
GJ11-5 0.0610 0.0024 0.8083 0.0270 0.0960 0.0029 5911 + 188 6015 £ 27.1 410 22
GJ11-6 0.0593 0.0018 0.7893 0.0310 0.0965 0.0021 5941 £ 135 5908 + 31.0 410 23
GJ11-7 0.059 0.0018 0.7950 0.0314 0.0967 0.0021 5952 + 137 5940 + 314 393 24
0OD31-1 0.0488 0.0044 0.0346 0.0030 0.0051 0.0002 331 + 12 346 + 30 431 506
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Table A3 Continued.

Isotopic ratios

U-Pb age (Ma)

No. zz; Pb_ Error 2;:;&: Error zjjfb Error zjjst Error ZZO;Pb Error (p;Jm) <p-|r;:1 )
Pb 20 V] 20 U 20 ¥] 20 V] 20
OD31-2 0.0466 0.0037 0.0336 0.0025 0.0052 0.0002 336 £ 1.1 335 + 25 610 819
OD31-3 0.0442 0.0035 0.0320 0.0024 0.0052 0.0002 338 * 11 320 * 24 621 762
OD31-4 0.0440 0.0035 0.0318 0.0024 0.0052 0.0002 337 + 1.1 318 + 24 650 719
OD31-5 0.0515 0.0039 0.0370 0.0026 0.0052 0.0002 335 £ 11 369 + 26 631 825




Table A4 Zircon U-Pb isotopic data for sample Iwk-03 obtained by quadrupole inductively coupled plasma mass spectrometry.

Accretionary age of the North Kitakami Belt (MUTO)

Isotopic ratios U-Pb age (Ma)
No. z:; Pb E;ror 2:;Pb Error 2:;Pb Error 2:;Pb Error 220375Pb Error (p:m) (p-:;:]n )
Pb o) U 20 U 20 U 20 U 20

1 0.0490 0.0017 0.1893 0.0072 0.0280 0.0005 1779 + 32 1760 + 7.3 481 160

2 0.0491 0.0019  0.1869 0.0080  0.0276 0.0005 1755 + 35 1740 + 81 353 199

3 0.0485 0.0014 0.1869 0.0059 0.0279 0.0004 1775 + 26 1739 + 6.0 888 304

4 0.0521 0.0023 0.1948 0.0101 0.0271 0.0008 1723 + 50 180.7 + 102 273 208

5 0.0514 0.0015 0.1932 0.0074 0.0273 0.0006 1734 + 42 1794 + 75 763 379

6 0.0496 0.0021 0.1905 0.0095 0.0278 0.0008 1769 =+ 50 1770 + 96 313 268

7 0.0505 0.0017 0.2445 0.0103 0.0351 0.0009 2225 + 58 2221 + 104 438 369

8 0.0490 0.0021 0.1823 0.0090 0.0269 0.0007 1714 + 438 1701 = 91 331 284

9 0.0479 0.0026 0.1801 0.0110 0.0272 0.0009 1733 + 55 1681 + 111 193 125

10 0.0505 0.0012 0.1918 0.0065 0.0275 0.0006 1752 + 40 1782 + 6.6 1321 1385

11 0.0493 0.0023 0.1879 0.0101 0.0276 0.0008 1756 + 52 1748 + 102 259 224

12 0.0511 0.0018 0.1935 0.0083 0.0274 0.0007 1743 + 45 1796 + 84 490 450

13 0.0503 0.0020 0.1902 0.0091 0.0274 0.0007 1745 + 438 1768 + 9.2 351 326

14 0.0502 0.0016 0.1897 0.0076 0.0274 0.0007 1742 + 43 1763 = 7.7 646 234

15 0.0515 0.0017 0.1952 0.0081 0.0275 0.0007 1746 + 44 1811 + 82 558 382

16 0.0506 0.0016 0.1920 0.0076 0.0275 0.0007 1749 + 43 1783 + 7.7 650 572

17 0.0498 0.0023  0.1864 0.0099  0.0271 0.0008 1726 + 50 1736 + 100 268 183

18 0.0515 0.0020 0.1917 0.0091 0.0270 0.0007 1715 + 47 1781 + 9.2 361 377

19 0.0498 0.0019  0.1899 0.0078  0.0276 0.0007 1757 + 44 1765 + 79 344 266

20 0.0511 0.0016 0.1942 0.0066 0.0275 0.0006 1750 + 40 1802 + 6.7 526 563

21 0.0505 0.0017  0.2408 0.0089  0.0346 0.0008 2191 + 54 2191 £ 90 357 183

22 0.0509 0.0017 0.1924 0.0070 0.0274 0.0006 1741 = 41 1786 + 741 450 258

23 0.0501 0.0016  0.1859 0.0065  0.0269 0.0006 1710 + 40 1731 + 66 512 427

24 0.0485 0.0024 0.1839 0.0098 0.0275 0.0008 1747 + 51 1714 + 99 199 139

25 0.0503 0.0012 0.1893 0.0052 0.0273 0.0006 1735 + 37 1760 =+ 53 932 293

26 0.0483 0.0023 0.1891 0.0095 0.0284 0.0008 1805 + 51 1758 + 96 221 206

27 0.0496 0.0022 0.1902 0.0091 0.0278 0.0008 1768 + 49 1768 + 9.2 243 139

28 0.0510 0.0026 0.1904 0.0102 0.0271 0.0008 1721 = 51 1770 + 103 188 126

29 0.0499 0.0014 0.1903 0.0058 0.0276 0.0006 1757 + 3.8 1768 + 59 710 287

30 0.0494 0.0011 0.1871 0.0049 0.0274 0.0006 1744 + 36 1741 + 49 1112 622
Standards

91500 1-1 0.0760 0.0021 1.9221 0.0777 0.1832 0.0056 1084.6 =+ 35.78 1088.8 =+ 76.01 9% 38

91500 1-2 0.0759 0.0021 1.8588 0.0749 0.1774 0.0053 10528 + 34.36 10666 =+ 73.38 98 40

91500 1-3 0.0748 0.0021 1.8806 0.0771 0.1823 0.0056 10795 =+ 36.08 10743 = 7544 %4 38

91500 1-4 | 0.0749 0.0021  1.8907 0.0786  0.1829 0.0057 | 1083.0 =+ 36.80 1077.8 + 76.79 90 36

91500 1-5 0.0750 0.0021 1.8259 0.0760 0.1765 0.0055 1048.0 =+ 3543 1054.8 = 74.39 9 36

91500 2-1 0.0759 0.0021 1.8773 0.0817 0.1794 0.0068 10636 =+ 43.94 10731 = 79.78 72 28

GJ1-1 0.0632 0.0014 0.8602 0.0249 0.0987 0.0017 6069 =+ 11.13 6302 * 25.01 405 25

GJ1-2 0.0627 0.0015  0.8524 0.0255  0.0985 0.0018 6055 + 11.53 6260 + 2553 362 23

GJ1-3 0.0622 0.0014 0.8325 0.0243 0.0970 0.0017 596.8 + 10.97 6150 =+ 24.38 401 25

GJ1-4 0.0628 0.0015  0.8461 0.0248  0.0976 0.0017 6003 + 11.14 6225 + 24.88 391 24

GJ1-5 0.0618 0.0014 0.8375 0.0248 0.0983 0.0018 6042 * 11.34 6178 + 24.88 378 24

GJ 21 0.0616 0.0012 0.8347 0.0216 0.0982 0.0023 6039 =+ 14.73 6162 =+ 21.73 382 24

GJ 2-2 0.0615 0.0012 0.8259 0.0215 0.0973 0.0023 5086 + 14.63 6113 + 21.64 377 24
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Table A5 Zircon U-Pb isotopic data for sample Szm-01 obtained by quadrupole inductively coupled plasma mass spectrometry.
Shadowed data indicate discordant age data.

Isotopic ratios U-Pb age (Ma)
No. 27pp Error 2%pp Error 27pp Error 2%pp Error 27pp Error (prl)Jm) (p-[ll-):ﬁ)
208y 20 238 20 235 20 238 20 235 20
1 0.0484 0.0036 0.0275 0.0015 0.1835 0.0147 1747 + 96 1711+ 148 255 247
2 0.0499 0.0035 0.0272 0.0014 0.1874 0.0143 173.0 + 93 1744 + 144 291 664
3 0.0497 0.0039 0.0257 0.0014 0.1766 0.0150 1639 + 92 165.1 + 15.1 224 182
4 0.0476 0.0033 0.0275 0.0014 0.1809 0.0136 1750 + 93 168.8 + 13.7 308 363
5 0.0503 0.0039 0.0280 0.0016 0.1943 0.0164 1781 + 10.1 180.3 + 16.6 210 155
6 0.0481 0.0037 0.0266 0.0015 0.1768 0.0145 1694 + 94 1653 + 147 244 250
7 0.0492 0.0044 0.0272 0.0016 0.1845 0.0176 1729 + 104 1719 + 177 161 119
8 0.0494 0.0039 0.0269 0.0015 0.1833 0.0156 1709 + 97 1709 + 157 215 215
9 0.0466 0.0035 0.0265 0.0014 0.1705 0.0137 1688 + 9.2 1599 + 138 272 251
10 0.0492 0.0038 0.0263 0.0014 0.1790 0.0147 167.7 + 93 1672 + 148 244 209
11 0.0488 0.0035 0.0267 0.0014 0.1800 0.0141 1701 + 92 1681 + 14.2 279 211
12 0.0502 0.0034 0.0270 0.0014 0.1873 0.0137 1720 + 91 1743 + 138 329 385
13 0.0495 0.0036 0.0269 0.0015 0.1841 0.0145 1713 + 93 1716 + 146 266 229
14 0.0510 0.0040 0.0273 0.0015 0.1919 0.0162 1733 + 98 1783 + 163 213 182
15 0.0468 0.0035 0.0276 0.0015 0.1785 0.0144 1756 + 96 166.7 + 145 259 163
16 0.0463 0.0036 0.0274 0.0015 0.1750 0.0145 1741 + 97 163.7 + 146 241 155
17 0.0515 0.0036 0.0267 0.0013 0.1892 0.0148 1696 + 84 176.0 + 149 308 130
18 0.0463 0.0033 0.0272 0.0013 0.1739 0.0141 1732 + 86 1628 + 14.2 296 338
19 0.0472 0.0028 0.0268 0.0012 0.1748 0.0119 1707 + 7.7 1636 + 120 555 681
20 0.0481 0.0034 0.0272 0.0013 0.1804 0.0144 1728 + 85 1684 + 145 303 320
21 0.0518 0.0035 0.0281 0.0014 0.2005 0.0155 1784 + 88 1855 + 156 304 297
22 0.0502 0.0037 0.0281 0.0014 0.1942 0.0162 1784 + 9.1 1802 + 163 248 154
23 0.0445 0.0040 0.0264 0.0014 0.1618 0.0158 167.7 + 9.2 1523 + 16.0 181 128
24 0.0515 0.0034 0.0261 0.0013 0.1859 0.0141 1664 + 8.1 1731+ 142 344 274
25 0.0554 0.0045 0.0275 0.0015 0.2099 0.0189 1746 + 96 1934 + 190 183 102
26 0.0500 0.0037 0.0276 0.0014 0.1908 0.0160 175.7 + 9.0 1773 + 16.1 245 517
27 0.0473 0.0027 0.0270 0.0012 0.1765 0.0116 1719 + 7.7 1651 + 11.7 629 581
28 0.0489 0.0037 0.0267 0.0013 0.1803 0.0152 169.9 + 87 1683 + 153 253 172
29 0.0484 0.0035 0.0262 0.0013 0.1749 0.0140 1665 + 82 1636 + 14.2 301 294
30 0.0472 0.0041 0.0269 0.0015 0.1753 0.0169 1714 + 95 1640 + 17.0 176 146
Standards
91500 1-1 0.0748 0.0043 0.1776 0.0099 1.8315 0.1734 10538 + 634 10568 + 162.3 93 41
91500 1-2 0.0763 0.0044 0.1817 0.0105 1.9107 0.1836 10760 = 67.1 10848 + 1711 89 40
91500 1-3 0.0746 0.0042 0.1789 0.0098 1.8412 0.1726 10612 + 627 1060.3 + 161.7 104 43
91500 1-4 0.0748 0.0043 0.1794 0.0100 1.8507 0.1752 10636 =+ 64.1 1063.7 + 163.9 98 43
91500 1-5 0.0721 0.0041 0.1866 0.0104 1.8549 0.1756 11027 + 66.7 10652 + 164.3 97 46
91500 3-1 0.0745 0.0039 0.1719 0.0107 1.7669 0.1349 10224 + 685 10334 + 1285 85 32
91500 3-2 0.0758 0.0040 0.1755 0.0109 1.8345 0.1389 10422 + 69.6 10579 + 1320 86 31
91500 5-1 0.0773 0.0044 0.1847 0.0108 1.9708 0.1574 10924 + 69.3 11056 =+ 1484 79 32
91500 5-2 0.0773 0.0043 0.1756 0.0098 1.8734 0.1450 10427 + 63.0 1071.7 + 1375 20 31
91500 5-3 0.0736 0.0042 0.1779 0.0102 1.8057 0.1429 10555 + 654 10475 + 1357 84 34
91500 5-4 0.0724 0.0041 0.1853 0.0107 1.8520 0.1471 10959 + 685 1064.1 + 139.3 82 31
91500 5-5 0.0766 0.0043 0.1849 0.0107 1.9538 0.1547 10935 + 685 1099.8 + 146.1 82 31
GJ11-1 0.0594 0.0031 0.0928 0.0036 0.7607 0.0636 5722 + 232 5744 + 626 401 29
GJ11-2 0.0609 0.0032 0.0952 0.0037 0.7996 0.0667 586.2 + 23.8 596.6 =+ 655 405 22
GJ11-3 0.0581 0.0031 0.0974 0.0038 0.7799 0.0653 5989 + 244 5854 + 64.2 393 25




Accretionary age of the North Kitakami Belt (MUTO)

Table A5 Continued.

Isotopic ratios U-Pb age (Ma)
No. zz;Pb E;ror 220:8Pb Error 220375F’b Error 220:8Pb Error 220375Pb Error (p;Jm) (p-gl;rr]n )
Pb (o] U 20 U 20 U 20 U 20

GJ11-4 0.0606 0.0032 0.0981 0.0038 0.8199 0.0685 603.0 =+ 246 608.0 =+ 67.2 394 28
GJ11-5 0.0594 0.0031 0.0986 0.0038 0.8081 0.0674 6064 =+ 246 6014 =+ 66.2 404 28
Gj13-1 0.0586 0.0027 0.0950 0.0044 0.7679 0.0463 5853 + 283 5785 + 459 351 20
Gj13-2 0.0615 0.0029 0.0965 0.0045 0.8195 0.0491 5941 =+ 287 607.8 =+ 487 352 17
GJ151 0.0613 0.0031 0.0954 0.0037 0.8073 0.0512 5876 + 240 601.0 =+ 507 345 13
GJ152 0.0595 0.0030 0.0999 0.0039 0.8196 0.0520 6138 =+ 252 6078 + 515 339 1
GJ15-3 0.0604 0.0031 0.0976 0.0038 0.8133 0.0515 600.6 =+ 245 6043 =+ 509 349 20
GJ154 0.0618 0.0031 0.0976 0.0038 0.8317 0.0521 6002 + 243 6146 =+ 516 369 20
GJ155 0.0608 0.0031 0.0957 0.0037 0.8029 0.0506 5889 + 239 5985 + 50.2 359 13
OD-31-1 0.0437 0.0050 0.0052 0.0002 0.0315 0.0041 336 + 15 315 =+ 41 574 745
OD-31-2 0.0472 0.0052 0.0052 0.0002 0.0339 0.0043 335 + 15 338 + 43 588 751
OD-31-3 0.0483 0.0060 0.0050 0.0002 0.0331 0.0045 319 + 15 330 =+ 46 460 572
OD-31-4 0.0406 0.0041 0.0051 0.0002 0.0287 0.0034 330 + 13 287 + 34 853 1138
OD-31-5 0.0442 0.0045 0.0050 0.0002 0.0304 0.0036 321 + 13 304 =+ 36 800 1096
OD-3 3-1 0.0440 0.0044 0.0050 0.0002 0.0305 0.0032 323 + 16 305 + 32 723 904
OD-33-2 0.0466 0.0044 0.0051 0.0002 0.0330 0.0033 330 + 16 329 + 33 77 943
OD-3 5-1 0.0491 0.0047 0.0051 0.0002 0.0343 0.0034 326 + 13 343 + 34 813 993
OD-35-2 0.0484 0.0047 0.0051 0.0002 0.0342 0.0034 329 + 13 341 + 35 786 995
OD-35-3 0.0511 0.0047 0.0052 0.0002 0.0366 0.0035 334 + 13 365 + 36 821 995
OD-35-4 0.0466 0.0045 0.0051 0.0002 0.0328 0.0033 328 + 13 328 + 33 829 1021
OD-35-5 0.0489 0.0046 0.0052 0.0002 0.0351 0.0034 335 + 13 351 + 35 839 1027
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Table A6 Zircon U-Pb isotopic data for sample Mtg-01 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zZ:Pb Error _*"Pb_ Error _**Pb_ Error | **Pb Error *7pp Error (p:)Jm) (p‘l{;kr:])
Pb 20 235 20 238 20 238 20 235 20
1 0.0520 0.0013 0.2959 0.0086 0.0412 0.0009 2604 =+ 59 2632 + 87 167 139
2 0.0542 0.0019 0.3379 0.0137 0.0452 0.0013 2850 =+ 82 2956 + 138 73 85
3 0.0513 0.0010 0.2876 0.0064 0.0406 0.0008 256.6 + 5.1 2566 £ 6.5 332 173
4 0.0539 0.0011 0.4351 0.0110 0.0585 0.0013 366.7 + 82 3668 + 11.1 180 86
5 0.0520 0.0009 0.3365 0.0070 0.0469 0.0009 2957 + 59 2046 £ 71 349 316
6 0.0511 0.0016 0.2945 0.0108 0.0418 0.0011 2637 + 69 2621 £ 109 100 87
7 0.0518 0.0010 0.3535 0.0081 0.0494 0.0010 3109 + 64 3073 + 82 266 339
8 0.0514 0.0008 0.3052 0.0053 0.0430 0.0008 27116 * 50 2704 £ 53 668 517
9 0.0554 0.0009 0.5420 0.0111 0.0709 0.0014 414 £ 91 4397 = 112 274 195
10 0.0517 0.0013 0.2943 0.0082 0.0413 0.0009 260.7 + 58 2619 + 83 187 350
1 0.0517 0.0011 0.2898 0.0070 0.0407 0.0008 2569 * 53 2584 + 7.0 271 201
12 0.0512 0.0007 0.2864 0.0045 0.0406 0.0007 2563 =+ 4.6 2557 + 46 998 270
13 0.0526 0.0012 0.2982 0.0076 0.0411 0.0009 2506 + 55 2650 + 7.7 230 155
14 0.0531 0.0022 0.3193 0.0151 0.0436 0.0014 2752 + 88 2813 + 153 54 16
15 0.0516 0.0011 0.2877 0.0073 0.0404 0.0008 2552 + 54 2567 + 74 238 200
16 0.0712 0.0007 1.5346 0.0217 0.1563 0.0028 9362 £ 18.1 9444 + 218 636 261
17 0.0571 0.0008 0.6211 0.0103 0.0788 0.0015 4890 £ 94 4906 + 104 483 135
18 0.0534 0.0021 0.4250 0.0204 0.0577 0.0019 3614 £ 124 3596 + 205 43 36
19 0.0528 0.0013 0.3029 0.0086 0.0416 0.0009 2625 =+ 59 2686 + 87 173 240
20 0.0542 0.0013 0.3087 0.0086 0.0413 0.0009 2609 £ 59 2732 £ 87 179 97
21 0.0542 0.0011 0.3450 0.0084 0.0461 0.0010 2906 * 6.2 3010 + 85 233 223
22 0.0534 0.0012 0.2964 0.0074 0.0402 0.0008 2543 + 54 2636 * 75 243 162
23 0.0572 0.0007 0.6063 0.0091 0.0768 0.0014 4772 + 88 4812 + 92 734 159
24 0.0526 0.0021 0.3402 0.0160 0.0469 0.0015 2953 £ 95 2974 £ 161 53 49
25 0.0525 0.0013 0.2888 0.0080 0.0398 0.0009 2519 * 56 2577 £ 81 191 121
26 0.0541 0.0021 0.2982 0.0131 0.0399 0.0012 2524 + 75 2650 £ 132 66 37
27 0.0519 0.0009 0.3135 0.0063 0.0438 0.0008 2763 + 54 2769 + 64 406 47
28 0.0508 0.0010 0.2828 0.0067 0.0403 0.0008 2548 £ 52 2529 + 638 287 205
29 0.0514 0.0010 0.2945 0.0063 0.0415 0.0008 2621 * 52 2621 + 64 364 378
30 0.0514 0.0008 0.2819 0.0050 0.0398 0.0007 2513 + 46 2521 £ 50 670 460
31 0.0534 0.0006 0.3887 0.0080 0.0528 0.0008 3316 + 53 3334 + 81 661 402
32 0.0518 0.0010 0.2872 0.0074 0.0402 0.0007 2542 + 4.6 2564 + 75 308 258
33 0.0865 0.0008 2.7042 0.0573 0.2265 0.0041 13163 £ 263 13206 + 56.6 238 109
34 0.0515 0.0025 0.3001 0.0173 0.0422 0.0014 266.7 + 92 2665 + 175 39 27
35 0.0580 0.0008 0.6320 0.0147 0.0789 0.0014 4898 £ 90 4973 + 148 278 148
36 0.0518 0.0013 0.2921 0.0096 0.0409 0.0009 2584 + 55 2602 * 97 151 129
37 0.0513 0.0011 0.2957 0.0082 0.0418 0.0008 2637 = 50 2630 £ 83 239 107
38 0.0515 0.0010 0.2916 0.0079 0.0411 0.0007 2594 + 48 2509 + 80 263 190
39 0.0538 0.0007 0.4823 0.0106 0.0650 0.0011 4058 * 7.0 3996 £ 107 407 159
40 0.0565 0.0010 0.5696 0.0148 0.0731 0.0014 4546 =+ 9.0 4577 = 149 195 95
4 0.0504 0.0012 0.2907 0.0090 0.0418 0.0008 2638 + 54 2501 £ 91 177 94
42 0.0513 0.0009 0.2951 0.0075 0.0417 0.0007 2633 £ 47 2626 + 76 326 358
43 0.0521 0.0011 0.3484 0.0102 0.0485 0.0010 3053 £ 6.2 3035 £ 103 183 72
44 0.0510 0.0008 0.2825 0.0066 0.0402 0.0007 2538 =+ 42 2527 + 6.6 470 253
45 0.0513 0.0019 0.2858 0.0127 0.0404 0.0011 2563 £ 69 2563 + 1238 72 85
46 0.0701 0.0006 1.4559 0.0273 0.1505 0.0023 9038 =+ 15.0 9123 + 273 665 247
47 0.0515 0.0009 0.2902 0.0074 0.0409 0.0007 2582 + 46 2587 £ 75 327 356
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Table A6 Continued.

Isotopic ratios

U-Pb age (Ma)

No. ::Pb Error 207pp Error 2%pp Error 2%pp Error Wi Error (pFL)Jm) (p-:;?n)
Pb 20 235 20 238 20 238 20 235 20
48 0.0526 0.0016 0.3026 0.0112 0.0417 0.0010 2634 + 6.2 2684 + 11.3 107 82
49 0.0521 0.0025 0.3307 0.0188 0.0460 0.0016 289.7 + 10.2 2901 + 19.0 37 26
50 0.0514 0.0011 0.3043 0.0085 0.0429 0.0008 2708 + 52 2698 + 86 231 194
51 0.0514 0.0007 0.2871 0.0064 0.0405 0.0006 2557 + 42 2563 + 65 555 348
52 0.0526 0.0014 0.3131 0.0106 0.0432 0.0009 2724 + 6.0 2766 + 107 133 186
53 0.0523 0.0008 0.3580 0.0085 0.0496 0.0008 3119 + 55 3107 + 86 356 189
54 0.0507 0.0010 0.2874 0.0080 0.0411 0.0008 2594 + 49 2565 + 8.1 244 92
55 0.0529 0.0024 0.3060 0.0165 0.0419 0.0013 2646 + 87 2710 * 166 44 48
56 0.0512 0.0013 0.2855 0.0090 0.0404 0.0008 2555 + 53 2550 + 91 172 48
57 0.0523 0.0010 0.3014 0.0081 0.0417 0.0008 2636 + 49 2675 + 82 265 125
58 0.0503 0.0011 0.2966 0.0085 0.0427 0.0008 2699 + 52 2637 + 86 221 169
59 0.0565 0.0013 0.3206 0.0099 0.0411 0.0008 2508 + 54 2823 + 10.0 167 100
60 0.0613 0.0007 0.8939 0.0193 0.1057 0.0018 6478 + 117 6485 + 194 317 258
Standards
91500epo 4-4 | 0.0745 0.0013 1.8405 0.0502 0.1790 0.00480 1061 + 31 1060 * 50 75 30
91500epo 4-5| 0.0749 0.0013 1.8677 0.0509 0.1807 0.00485 1071 + 31 1070 + 50 75 31
91500epo 4-6 | 0.0746 0.0012 1.8807 0.0564 0.1827 0.00462 1082 + 30 1074 + 56 73 27
91500epo 4-7 | 0.0754 0.0011 1.8872 0.0559 0.1814 0.00453 1074 + 29 1077 + 55 76 26
OD3 4-4 0.0454 0.0016 0.0320 0.0012 0.0051 0.00010 328 + 06 320 + 12 722 984
OD3 4-5 0.0481 0.0017 0.0338 0.0012 0.0051 0.00010 328 + 06 338 + 12 705 963
OD3 4-6 0.0471 0.0016 0.0332 0.0013 0.0051 0.00009 329 + 06 332 + 13 709 945
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Table A7 Zircon U-Pb isotopic data for sample Mtg-09.5 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zZZPb E;ror 2:;F’b Error ijfb Error ijst Error 2:37:’b Error (péjm) (p-:):ﬂ
Pb (o} U 20 U 20 U 20 U 20
1 0.0507 0.0019 0.1875 0.0075 0.0268 0.0006 1706 + 4.1 1745 + 76 276 199
2 0.0519 0.0011 0.2965 0.0073 0.0414 0.0008 2616 = 53 2637 = 74 618 349
3 0.0530 0.0026 0.2905 0.0157 0.0397 0.0013 2510 =+ 81 2589 + 158 99 92
4 0.1150 0.0016 5.4020 0.1368 0.3403 0.0088 | 18882 <+ 56.5 1885.2 + 130.2 151 128
5 0.0497 0.0018 0.1843 0.0071 0.0268 0.0006 1708 + 40 7.7 £ 72 300 243
6 0.0491 0.0028 0.1817 0.0109 0.0268 0.0008 1707 + 53 1695 + 11.0 118 87
7 0.0491 0.0019 0.2389 0.0099 0.0352 0.0009 2233 = 57 2175 = 100 208 115
8 0.0500 0.0016 0.1855 0.0063 0.0269 0.0006 1709 + 3.8 1728 + 64 402 375
9 0.0525 0.0030 0.3011 0.0189 0.0416 0.0015 2627 = 97 2673 + 191 70 48
10 0.0496 0.0018 0.2087 0.0083 0.0305 0.0007 1938 + 47 1925 + 84 252 222
1" 0.0500 0.0016 0.1949 0.0066 0.0283 0.0006 1797 £ 40 1808 + 6.7 388 162
12 0.0521 0.0012 0.3045 0.0083 0.0424 0.0009 2676 * 56 2609 + 83 472 244
13 0.0506 0.0021 0.1868 0.0085 0.0268 0.0007 1703 + 44 1739 + 86 208 103
14 0.0515 0.0015 0.2153 0.0070 0.0303 0.0007 1923 £ 42 1980 = 7.1 396 165
15 0.0513 0.0027 0.2750 0.0160 0.0389 0.0013 2459 + 83 246.7 + 16.1 88 40
16 0.0559 0.0017 0.5699 0.0209 0.0738 0.0020 4503 = 129 4579 = 210 143 63
17 0.0522 0.0024 0.2101 0.0104 0.0292 0.0008 1853 + 52 1936 + 105 157 219
18 0.0513 0.0012 0.2955 0.0079 0.0417 0.0009 2635 = 55 2629 = 80 494 369
19 0.0526 0.0023 0.2494 0.0120 0.0344 0.0010 2179 = 62 2261 + 121 143 93
20 0.0495 0.0014 0.1817 0.0057 0.0266 0.0006 1692 + 36 1696 + 58 499 421
21 0.0521 0.0012 0.2922 0.0070 0.0407 0.0009 2570 = 58 2603 + 71 924 283
22 0.0511 0.0015 0.1870 0.0057 0.0265 0.0006 1688 + 4.0 1740 + 58 588 411
23 0.0512 0.0021 0.2051 0.0088 0.0290 0.0008 1845 + 5.1 1894 + 89 230 122
24 0.0513 0.0026 0.2058 0.0108 0.0291 0.0009 1847 + 57 1900 + 109 145 50
25 0.0488 0.0019 0.1775 0.0072 0.0263 0.0007 1676 + 44 1659 £ 73 204 167
26 0.0522 0.0027 0.2124 0.0114 0.0295 0.0009 1874 + 6.0 1956 + 115 134 57
27 0.0489 0.0022 0.1823 0.0083 0.0270 0.0007 1719 + 48 1700 + 84 218 110
28 0.1149 0.0020 5.3386 0.1033 0.3368 0.0074 | 1871.2 + 476 18751 + 99.8 769 53
29 0.0518 0.0019 0.2008 0.0114 0.0407 0.0011 2570 = 71 2502 = 115 217 104
30 0.0508 0.0014 0.1851 0.0053 0.0264 0.0006 1680 + 39 1724 + 54 721 135
31 0.0494 0.0017 0.1822 0.0065 0.0267 0.0007 1702 + 4.2 1700 + 6.6 403 190
32 0.0518 0.0011 0.2473 0.0053 0.0346 0.0007 2191 = 47 2244 + 53 1811 618
33 0.0508 0.0030 0.1838 0.0114 0.0262 0.0009 1670 + 57 1713 £ 115 110 63
34 0.0486 0.0023 0.1795 0.0088 0.0268 0.0008 1704 £ 50 1676 + 89 190 104
35 0.1500 0.0027 8.7685 0.1973 04238 0.0105 | 22775 =+ 67.1 23142 + 1828 292 35
36 0.0505 0.0023 0.1871 0.0090 0.0268 0.0008 1708 £ 50 1742 £ 91 190 194
37 0.0492 0.0018 0.1824 0.0070 0.0269 0.0007 1709 + 44 1701+ 71 327 224
38 0.0509 0.0024 0.1895 0.0094 0.0270 0.0008 1716 + 5.1 1762 + 95 177 83
39 0.1574 0.0029 9.1239 0.2134 04202 0.0107 | 2261.3 + 686 23505 + 1964 246 66
40 0.0496 0.0017 0.1836 0.0066 0.0268 0.0007 1706 + 43 1712 + 6.7 393 204
4 0.0497 0.0020 0.1842 0.0050 0.0268 0.0006 1708 + 4.1 1717 £ 51 746 222
42 0.0483 0.0024 0.1771 0.0072 0.0266 0.0007 1690 + 46 1656 + 7.3 290 178
43 0.0519 0.0021 0.2837 0.0084 0.0396 0.0010 2503 + 64 2536 + 85 428 134
44 0.0491 0.0030 0.2408 0.0138 0.0356 0.0012 2253 + 79 2191 £ 140 105 83
45 0.0498 0.0026 0.2865 0.0136 0.0417 0.0013 2633 + 84 2568 + 137 138 114
46 0.0510 0.0019 0.1911 0.0044 0.0272 0.0006 1728 + 40 1775 + 44 1241 407
47 0.0479 0.0025 0.1789 0.0079 0.0270 0.0008 1720 + 49 1671 £ 80 239 170
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Table A7 Continued.

Isotopic ratios

U-Pb age (Ma)

No. :Z Pb E;ror 2:;Pb Error Zz‘):fb Error 2:an Error 2:;Pb Error ( p[l)Jm ) ( p-:;:'l )
Pb (o} U 20 U 20 U 20 U 20

48 0.0515 0.0023 0.1869 0.0066 0.0263 0.0007 1673 + 43 1740 + 66 391 379

49 0.0499 0.0022 0.1876 0.0066 0.0273 0.0007 1734 + 45 1746 + 67 387 149

50 0.0513 0.0022 0.1887 0.0063 0.0267 0.0007 169.7 + 43 1755 + 64 440 322

51 0.0512 0.0020 0.2498 0.0063 0.0354 0.0008 2240 + 53 2264 * 6.3 745 371

52 0.0487 0.0027 0.1786 0.0087 0.0266 0.0008 1691 + 5.1 1668 + 88 193 204

53 0.0501 0.0024 0.1811 0.0091 0.0262 0.0007 1666 =+ 4.6 169.0 + 92 181 112

54 0.0500 0.0016 0.1822 0.0063 0.0264 0.0006 168.0 + 37 1700 + 64 460 413

55 0.1145 0.0022 5.1158 0.1505 0.3238 0.0089 | 1808.3 * 56.9 1838.7 + 1423 135 201

56 0.0497 0.0022 0.1812 0.0086 0.0264 0.0007 168.0 + 44 1691 + 87 211 124

57 0.0500 0.0015 0.1932 0.0064 0.0280 0.0006 1781 = 39 1794 + 64 506 201

58 0.0490 0.0017 0.1793 0.0065 0.0265 0.0006 1688 + 3.8 1674 + 66 411 143

59 0.0511 0.0018 0.1835 0.0070 0.0260 0.0006 1656 + 3.8 1711 £ 70 360 298

60 0.0505 0.0023 0.1866 0.0090 0.0268 0.0007 1703 + 46 1737 = 91 197 184

61 0.0510 0.0016 0.1873 0.0062 0.0266 0.0006 1692 = 37 1743 + 63 515 31

62 0.0485 0.0016 0.1766 0.0061 0.0264 0.0006 1680 =+ 37 1652 + 6.1 484 442
Standards

91500epo 1-6 | 0.0746 0.0031 1.8124 00736  0.1760 0.0066 | 10448 =+ 425 10499 = 721 66 23

91500epo 1-7 | 0.0749 0.0030  1.8774 0.0741 0.1816 0.0067 | 10755 <+ 43.0 10731 + 726 70 27

91500epo 2-1| 0.0762 0.0022  1.8779 0.0792  0.1787 0.0064 | 1059.8 <+ 41.0 10733 £ 773 64 24

91500epo 2-2 | 0.0751 0.0022  1.8137 0.0752  0.1751 0.0061 10403 + 393 10504 + 736 67 24

OD3 1-6 0.0485 0.0023  0.0342 0.0012  0.0051 0.0001 328 + 08 341 + 13 1732 2059

OD3 1-7 0.0473 0.0022  0.0331 0.0011 0.0051 0.0001 325 + 08 330 = 11 2057 2502

OD3 1-8 0.0460 0.0034  0.0332 0.0022  0.0052 0.0001 336 = 1.0 31 + 22 472 500

0OD3 2-1 0.0480 0.0018  0.0331 0.0013  0.0050 0.0001 321 £ 06 330 * 13 1638 1936
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Table A8 Zircon U-Pb isotopic data for sample Mtg-12 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zZ;Pb Error  Pb  Error  *®Pb  Error | *°Pb Error  *’Pb Error (p;Jm) (p-:):ﬂ
Pb 20 235 26 238 20 238 20 235 20
1 0.0513 0.0022 0.2174 0.0109 0.0307 0.0008 1952 + 52 1998 + 11.0 283 125
2 0.0546 0.0024 0.3292 0.0176 0.0437 0.0013 2755 + 84 2890 + 177 164 76
3 0.0519 0.0020 0.2881 0.0138 0.0403 0.0011 2544 + 6.8 2570 + 139 263 91
4 0.0509 0.0017 0.2110 0.0087 0.0300 0.0007 1908 + 44 1944 + 88 616 297
5 0.0503 0.0022 0.2111 0.0110 0.0304 0.0008 1933 + 53 1945 + 111 257 207
6 0.1155 0.0029 5.3023 0.2300 0.3327 0.0111 18515 + 710 1869.2 + 210.2 98 100
7 0.0531 0.0017 0.3110 0.0129 0.0425 0.0010 2681 + 64 2750 £ 13.0 445 293
8 0.0539 0.0031 0.2326 0.0151 0.0313 0.0010 1986 + 6.7 2123 + 152 127 84
9 0.0498 0.0016 0.2046 0.0084 0.0298 0.0007 1892 + 43 1890 + 85 659 329
10 0.0509 0.0024 0.2085 0.0114 0.0297 0.0008 1888 + 54 1923 + 116 220 147
11 0.0516 0.0013 0.2970 0.0105 0.0417 0.0009 2636 +* 55 2640 + 106 1379 26
12 0.0505 0.0024 0.2130 0.0117 0.0306 0.0009 1941 + 55 1960 + 118 215 60
13 0.0497 0.0032 0.2814 0.0208 0.0410 0.0016 2502 + 102 2518 + 209 78 51
14 0.0530 0.0029 0.2972 0.0188 0.0407 0.0014 2569 + 89 2642 + 189 110 65
15 0.0520 0.0017 0.2017 0.0084 0.0281 0.0006 1788 + 41 186.6 + 85 636 233
16 0.1145 0.0027 5.2554 0.1492 0.3328 0.0056 1851.8 + 36.3 1861.6 + 1412 385 201
17 0.0538 0.0017 0.4210 0.0149 0.0567 0.0010 3555 + 65 356.8 + 15.0 380 151
18 0.0518 0.0031 0.2146 0.0136 0.0300 0.0009 1908 + 56 1974 + 137 125 75
19 0.1157 0.0027 5.4523 0.1553 0.3417 0.0058 18948 + 37.6 18931 + 146.6 374 78
20 0.1152 0.0029 5.5085 0.1836 0.3465 0.0081 19178 + 522 19019 = 1712 160 50
21 0.0509 0.0022 0.2139 0.0100 0.0305 0.0006 1934 + 42 196.8 + 101 267 178
22 0.0508 0.0020 0.2097 0.0087 0.0299 0.0006 1899 + 36 1933 + 88 381 246
23 0.0521 0.0021 0.2389 0.0101 0.0332 0.0006 2107 + 42 2175 + 102 324 136
24 0.0559 0.0017 0.5494 0.0189 0.0713 0.0013 4439 + 83 4446 + 190 349 406
25 0.0511 0.0017 0.2132 0.0076 0.0302 0.0005 1920 + 31 1962 + 7.7 626 307
26 0.0509 0.0022 0.2844 0.0131 0.0405 0.0009 2557 + 58 2541 + 132 222 220
27 0.0517 0.0017 0.2520 0.0088 0.0353 0.0006 2237 + 36 2282 + 89 600 466
28 0.0515 0.0022 0.2116 0.0096 0.0297 0.0006 1889 + 39 1949 + 97 294 251
29 0.0499 0.0016 0.2085 0.0071 0.0303 0.0005 1924 + 29 1923 + 7.2 760 438
30 0.0485 0.0026 0.1933 0.0109 0.0289 0.0007 1836 + 4.6 1795 + 11.0 181 112
31 0.0508 0.0016 0.2063 0.0070 0.0295 0.0004 1871 + 28 1905 + 741 760 411
32 0.0561 0.0019 0.5729 0.0220 0.0740 0.0016 4603 + 101 4509 + 221 230 158
33 0.0551 0.0037 0.3000 0.0218 0.0395 0.0015 2496 + 94 2664 + 219 69 43
34 0.0514 0.0026 0.2889 0.0166 0.0408 0.0014 2575 + 87 2577 + 16.8 136 102
35 0.0527 0.0030 0.3038 0.0195 0.0418 0.0015 2638 + 99 2694 + 196 98 83
36 0.0509 0.0027 0.2172 0.0130 0.0309 0.0010 1965 +* 6.5 1996 + 131 154 83
37 0.0503 0.0018 0.1895 0.0080 0.0273 0.0007 1736 + 45 1762 + 8.0 548 217
38 0.0509 0.0017 0.2431 0.0096 0.0346 0.0009 2193 + 56 2209 + 97 580 671
39 0.0499 0.0019 0.2369 0.0103 0.0344 0.0009 2181 + 58 2159 + 104 398 262
40 0.0524 0.0018 0.2973 0.0122 0.0411 0.0011 2507 + 6.9 2643 + 124 411 215
41 0.0520 0.0023 0.1909 0.0095 0.0266 0.0007 1693 + 48 1774 + 96 299 137
42 0.0513 0.0014 0.2883 0.0098 0.0408 0.0009 2576 £ 6.1 2572 £ 100 1330 614
43 0.0570 0.0043 0.3644 0.0309 0.0463 0.0023 2920 + 146 3155 + 309 44 31
44 0.0516 0.0019 0.2813 0.0124 0.0395 0.0011 2499 +£ 6.9 2517 + 125 330 243
45 0.0504 0.0018 0.2118 0.0087 0.0305 0.0008 1935 + 50 1951 + 88 543 184
46 0.0518 0.0021 0.2887 0.0134 0.0404 0.0011 2554 + 73 2575 + 135 265 117
47 0.0529 0.0026 0.2908 0.0162 0.0399 0.0013 2520 + 83 2502 + 163 148 110




Accretionary age of the North Kitakami Belt (MUTO)

Table A8 Continued.

Isotopic ratios

U-Pb age (Ma)

No. 27ph  Error  *’Pb  Error  ®Pb  Error | **°Pb Error  *’Pb Error (p;Jm ) (p-;:,')
206p) 26 235 20 238 26 238 26 235 26
48 0.1141 0.0028 5.2773 0.1847 0.3352 0.0091 1863.3 + 58.2 1865.2 + 1721 274 236
49 0.0518 0.0020 0.2903 0.0133 0.0406 0.0011 2568 + 7.3 2588 + 135 273 88
50 0.1123 0.0033 5.1578 0.2538 0.3328 0.0139 1851.8 + 89.1 18457 + 2296 56 92
51 0.0501 0.0016 0.2087 0.0081 0.0302 0.0007 1916 =+ 438 1925 + 82 728 289
52 0.1148 0.0031 5.2148 0.2194 0.3292 0.0114 18344 + 730 1855.0 + 2014 98 179
53 0.0496 0.0016 0.1935 0.0073 0.0283 0.0007 1799 =+ 44 1796 =+ 74 910 374
54 0.0509 0.0021 0.2177 0.0103 0.0310 0.0009 1969 =+ 55 2000 + 104 309 163
55 0.0481 0.0024 0.2013 0.0113 0.0303 0.0009 1927 + 6.0 1862 + 114 198 55
56 0.0519 0.0018 0.2923 0.0118 0.0408 0.0010 2579 + 6.7 2604 + 119 461 331
57 0.0524 0.0021 0.2893 0.0136 0.0400 0.0011 2531 + 74 2580 + 138 250 140
58 0.0513 0.0016 0.2846 0.0106 0.0403 0.0010 2544 + 6.3 2543 + 107 712 452
59 0.0502 0.0024 0.2429 0.0134 0.0350 0.0011 2221 £ 70 2208 + 135 178 143
60 0.0499 0.0013 0.2229 0.0075 0.0324 0.0007 2054 + 47 2043 + 76 1977 553
Standards
91500epo 2-1| 0.0728 0.0026 1.7618 0.0953 0.1754 0.0070 1042 + 45 1031 + 92 60 23
91500epo 2-2 | 0.0775 0.0027 1.9074 0.1026 0.1785 0.0072 1059 + 46 1084 + 99 59 20
91500epo 2-3 | 0.0757 0.0027 1.8690 0.0934 0.1789 0.0066 1061 + 43 1070 + 91 58 20
91500epo 2-4 | 0.0772 0.0028 1.9245 0.1017 0.1807 0.0075 1071 + 48 1090 + 98 58 22
OD-32-1 0.0496 0.0059 0.0350 0.0042 0.0051 0.0002 329 + 1.31 350 + 425 171 181
OD-32-2 0.0475 0.0054 0.0339 0.0039 0.0052 0.0002 333 + 126 338 + 394 194 162
OD-32-3 0.0462 0.0052 0.0314 0.0035 0.0049 0.0002 317 £ 1.06 314 + 357 210 219
OD-32-4 0.0447 0.0042 0.0303 0.0029 0.0049 0.0002 316 + 1.07 303 + 290 315 350




Bulletin of the Geological Survey of Japan, vol. 76 (1/2), 2025

Table A9 Zircon U-Pb isotopic data for sample Hrp-05 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios

U-Pb age (Ma)

No. zz:i E;ror 2:37% E;ror 2::3Pb E;ror 2::3Pb E;ror 22037% Er2ror (p:m) (p-lr;rr]n)
Pb o U o U o U o U o
1 0.0492 0.0022 0.1754 0.0087 0.0258 0.0005 1643 + 33 1641 + 87 885 391
2 0.0497 0.0019 0.1492 0.0061 0.0218 0.0003 1389 + 22 1412 + 6.2 2325 1493
3 0.0496 0.0021 0.1767 0.0080 0.0258 0.0005 1643 + 3.0 1652 + 8.1 1226 1001
4 0.0496 0.0026 0.1799 0.0101 0.0263 0.0006 1674 + 40 1680 + 10.2 568 288
5 0.0497 0.0026 0.1840 0.0102 0.0269 0.0006 1708 + 4.0 1715 + 103 565 183
6 0.0508 0.0028 0.1808 0.0105 0.0258 0.0006 1643 + 4.1 1688 + 10.6 498 176
7 0.0500 0.0020 0.1622 0.0071 0.0235 0.0004 1499 + 26 1526 + 7.2 16857 1329
8 0.0481 0.0023 0.1732 0.0088 0.0261 0.0005 166.0 + 35 1622 + 89 790 322
9 0.0514 0.0020 0.1672 0.0071 0.0236 0.0004 1504 =+ 25 1570 + 741 1800 1380
10 0.0503 0.0021 0.1847 0.0083 0.0266 0.0005 1695 + 3.1 1721 + 84 1199 871
11 0.0518 0.0024 0.1938 0.0099 0.0271 0.0006 1724 + 37 179.9 + 10.0 729 358
12 0.0493 0.0020 0.1763 0.0079 0.0259 0.0005 165.0 * 3.0 1649 + 80 1283 993
13 0.0499 0.0023 0.1791 0.0091 0.0260 0.0005 1656 + 3.5 1673 + 9.2 782 570
14 0.0495 0.0026 0.1813 0.0104 0.0265 0.0006 1688 =+ 4.1 169.2 + 105 529 329
15 0.0507 0.0026 0.1902 0.0105 0.0272 0.0006 1728 + 441 1768 + 10.7 556 401
16 0.0509 0.0022 0.1617 0.0085 0.0230 0.0005 1468 + 34 1522 + 86 1675 2668
17 0.0468 0.0026 0.1717 0.0112 0.0266 0.0008 1693 + 49 160.9 + 113 546 514
18 0.0507 0.0024 0.1536 0.0089 0.0220 0.0006 1400 * 36 1451 + 90 1022 1320
19 0.0486 0.0027 0.1819 0.0119 0.0271 0.0008 1726 + 5.1 169.7 + 120 505 253
20 0.0480 0.0022 0.1727 0.0096 0.0261 0.0006 1659 =+ 4.1 161.8 + 9.7 1167 781
21 0.0484 0.0024 0.1659 0.0097 0.0248 0.0006 1581 + 4.1 1559 + 938 889 455
22 0.0503 0.0025 0.1808 0.0109 0.0261 0.0007 1659 + 45 168.7 + 11.0 731 345
23 0.0488 0.0023 0.1800 0.0103 0.0268 0.0007 1702 + 44 168.1 + 104 913 562
24 0.0496 0.0021 0.1784 0.0095 0.0261 0.0006 1658 + 39 166.7 + 96 1454 856
25 0.0502 0.0025 0.1793 0.0106 0.0259 0.0007 1648 + 44 167.5 + 10.7 791 507
26 0.0489 0.0029 0.1790 0.0121 0.0265 0.0008 1688 + 5.1 1672 + 123 453 475
27 0.0482 0.0022 0.1743 0.0099 0.0262 0.0007 1669 + 4.2 1632 + 10.0 999 658
28 0.0484 0.0021 0.1754 0.0096 0.0263 0.0006 1671 + 4.1 1641 + 97 1266 726
29 0.0475 0.0022 0.1748 0.0099 0.0267 0.0007 1696 + 43 163.6 + 10.0 1039 665
30 0.0486 0.0020 0.1754 0.0092 0.0261 0.0006 166.3 + 3.9 1641 + 93 1714 838

Standards are the same as in Table A1




Accretionary age of the North Kitakami Belt (MUTO)

Table A10 Zircon U-Pb isotopic data for sample Odr-Kass-01 obtained by quadrupole inductively coupled plasma mass spectrometry.
Shadowed data indicate discordant age data.

Isotopic ratios U-Pb age (Ma)
No. 27ph  Error  *Pb  Error  *®Pb  Error | *Pb Error  *”Pb Error (p;tjm) (p-;l;rr]n)
206y 20 235 20 238 20 238 26 235 20
1 0.0506 0.0017 0.2495 0.0087 0.0357 0.0006 2264 + 42 2262 + 87 374 182
2 0.1143 0.0018 5.2501 0.1058 0.3328 0.0055 18521 + 357 1860.8 + 102.1 385 207
3 0.0524 0.0015 0.2946 0.0087 0.0408 0.0007 2577 + 43 2622 + 88 490 172
4 0.0502 0.0011 0.2335 0.0051 0.0337 0.0004 2138 + 27 2131 £ 5.1 1404 490
5 0.0513 0.0022 0.2084 0.0093 0.0294 0.0006 187.0 + 41 1922 + 94 246 110
6 0.1145 0.0018 5.2831 0.0970 0.3345 0.0050 1860.0 * 31.9 1866.1 + 94.0 560 171
7 0.0530 0.0018 0.2524 0.0090 0.0345 0.0006 2187 + 42 2286 + 9.1 344 166
8 0.0455 0.0044 0.2544 0.0263 0.0405 0.0020 2558 + 131 2301 + 26.3 36 35
9 0.0540 0.0024 0.2140 0.0098 0.0287 0.0006 1827 + 4.2 1969 + 99 228 156
10 0.1136 0.0018 5.1435 0.0942 0.3282 0.0048 18295 + 31.2 18433 * 914 568 108
11 0.0492 0.0013 0.1878 0.0052 0.0277 0.0004 1761 + 26 1748 + 53 819 441
12 0.0502 0.0013 0.1907 0.0052 0.0276 0.0004 1753 + 25 1773 + 52 876 442
13 0.1146 0.0021 5.2972 0.1435 0.3349 0.0079 18620 = 50.8 18684 + 136.2 154 43
14 0.0515 0.0014 0.2670 0.0074 0.0376 0.0006 2380 + 37 2403 + 75 623 229
15 0.0492 0.0014 0.2019 0.0057 0.0297 0.0004 1889 + 28 186.7 + 57 751 385
16 0.1135 0.0018 5.0057 0.1009 0.3197 0.0053 17884 + 342 18203 + 976 387 120
17 0.0508 0.0018 0.2083 0.0079 0.0297 0.0006 1888 + 3.9 1922 + 8.0 369 137
18 0.0479 0.0023 0.2285 0.0120 0.0346 0.0009 2190 + 59 209.0 + 121 166 107
19 0.0531 0.0020 0.4286 0.0187 0.0586 0.0015 366.8 + 10.0 3622 + 188 153 79
20 0.0490 0.0013 0.2008 0.0060 0.0297 0.0005 1886 + 3.2 1858 + 6.1 691 500
21 0.0497 0.0014 0.1898 0.0061 0.0277 0.0005 176.0 + 31 1764 + 6.2 600 334
22 0.0478 0.0021 0.1969 0.0093 0.0298 0.0007 1895 + 45 1825 + 94 236 183
23 0.0508 0.0014 0.2494 0.0077 0.0356 0.0006 2252 + 441 2261 + 7.8 537 740
24 0.0490 0.0016 0.2372 0.0084 0.0351 0.0007 2222 + 44 2161 + 85 389 323
25 0.0495 0.0023 0.2044 0.0102 0.0299 0.0007 1899 + 48 1888 + 10.3 203 138
26 0.0500 0.0012 0.2382 0.0063 0.0345 0.0006 2186 + 36 2169 + 64 821 643
27 0.0498 0.0015 0.1966 0.0065 0.0286 0.0005 1819 + 33 1822 + 6.6 541 325
28 0.0611 0.0036 0.2889 0.0188 0.0342 0.0012 2171 = 7.7 2577 + 189 87 105
29 0.0491 0.0019 0.1865 0.0078 0.0275 0.0006 1751 + 3.7 1736 + 79 327 189
30 0.0501 0.0015 0.2408 0.0082 0.0349 0.0007 2209 + 42 2191 + 83 433 280
31 0.0485 0.0010 0.1992 0.0046 0.0298 0.0004 1891 + 28 1845 + 47 1437 631
32 0.1214 0.0014 5.7653 0.1084 0.3441 0.0056 1906.2 + 359 19412 + 1045 614 44
33 0.1144 0.0013 49316 0.0936 0.3123 0.0051 17522 + 328 1807.7 £ 90.9 601 223
34 0.0479 0.0018 0.1675 0.0069 0.0254 0.0005 1615 + 33 1573 + 6.9 376 98
35 0.0496 0.0013 0.2415 0.0072 0.0353 0.0006 2234 + 39 2197 + 73 588 422
36 0.0509 0.0019 0.2432 0.0099 0.0346 0.0008 2194 + 49 221.0 + 10.0 280 202
37 0.0510 0.0023 0.2093 0.0103 0.0298 0.0008 189.0 + 52 1930 + 104 211 109
38 0.0485 0.0032 0.2964 0.0219 0.0443 0.0018 2796 + 115 2636 + 220 66 36
39 0.0504 0.0013 0.1918 0.0060 0.0276 0.0006 1755 + 36 1782 + 6.1 77 320
40 0.0525 0.0018 0.2500 0.0101 0.0345 0.0008 2185 + 54 2265 + 10.2 291 154
41 0.0521 0.0018 0.2548 0.0103 0.0355 0.0009 247 + 56 2305 + 104 290 36
42 0.0517 0.0015 0.2509 0.0089 0.0351 0.0008 2227 + 51 2273 + 9.0 405 301
43 0.0479 0.0029 0.1988 0.0129 0.0301 0.0010 1909 + 64 1841 + 13.0 120 53
44 0.0505 0.0024 0.1856 0.0095 0.0266 0.0007 1695 + 47 1729 + 96 215 195
45 0.0506 0.0011 0.2433 0.0069 0.0348 0.0007 2208 + 45 2211 £ 7.0 789 558
46 0.0498 0.0012 0.1896 0.0056 0.0276 0.0005 1756 + 35 176.3 + 57 856 438
47 0.0489 0.0016 0.1857 0.0069 0.0275 0.0006 1750 £ 3.9 1730 + 7.0 452 276
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Table A10 Continued.

Isotopic ratios

U-Pb age (Ma)

No. 2’pp  Error  *Pb  Error  *®Pb  Error | **°Pb Error ~ *”Pb Error (pptjm) (p‘l{;:])
2065y 20 235 20 238 20 238 20 235 20
48 0.0515 0.0020 0.2489 0.0109 0.0350 0.0009 2221 + 58 2256 + 11.0 243 162
49 0.0501 0.0014 0.1861 0.0062 0.0269 0.0006 1713 + 36 1733 + 6.2 620 362
50 0.1117 0.0014 4.0239 0.1045 0.2611 0.0063 14956 + 40.7 1639.0 + 100.9 241 67
51 0.0502 0.0016 0.1959 0.0070 0.0283 0.0006 1799 + 4.0 1816 + 7.1 482 315
52 0.1248 0.0012 6.1996 0.1335 0.3600 0.0074 19821 =+ 477 20044 + 1272 501 64
53 0.1138 0.0025 5.2361 0.1249 0.3336 0.0079 1855.7 + 50.5 18585 + 1195 299 71
54 0.0507 0.0015 0.2419 0.0066 0.0346 0.0007 2191 + 46 2200 + 6.7 847 383
55 0.0501 0.0020 0.1906 0.0076 0.0276 0.0007 1754 + 43 1772 + 77 367 209
56 0.0503 0.0013 0.2379 0.0058 0.0343 0.0007 2172 + 43 216.7 + 58 1305 747
57 0.0510 0.0021 0.1974 0.0080 0.0280 0.0007 1782 + 44 1829 + 8.1 343 228
58 0.0496 0.0023 0.2408 0.0115 0.0352 0.0010 2230 + 6.3 2191 + 116 198 178
59 0.1301 0.0029 6.5462 0.1568 0.3648 0.0087 2004.7 + 558 20521 + 1479 284 73
60 0.0504 0.0017 0.2459 0.0081 0.0354 0.0008 2241 + 541 2233 + 82 477 118
61 0.0519 0.0023 0.2479 0.0111 0.0346 0.0009 2195 t 6.0 2249 + 112 224 123
62 0.0491 0.0016 0.1840 0.0058 0.0272 0.0006 1727 + 37 1715 + 59 684 330
63 0.0493 0.0017 0.2018 0.0069 0.0297 0.0007 1886 + 43 186.7 + 7.0 514 195
64 0.0484 0.0026 0.2359 0.0132 0.0353 0.0011 2239 + 741 2151 + 134 140 98
Standards
91500epo 3-1| 0.0754 0.0020 1.8638 0.0708 0.1792 0.0054 1063 + 35 1068 + 69 89 36
91500epo 3-2 | 0.0733 0.0020 1.7753 0.0671 0.1755 0.0053 1042 + 34 1036 =+ 66 9N 38
91500epo 3-3 | 0.0748 0.0018 1.8439 0.0742 0.1788 0.0061 1060 + 39 1061 + 73 87 33
91500epo 3-4 | 0.0737 0.0018 1.8351 0.0734 0.1804 0.0061 1069 + 39 1058 =+ 72 88 34
91500epo 3-5| 0.0732 0.0023 1.8379 0.0743 0.1820 0.0063 1078 + 4 1059 =+ 73 84 31
OD-3 3-1 0.0502 0.0030 0.0362 0.0022 0.0052 0.0001 336 + 0.67 36.1 + 218 659 927
OD-33-2 0.0490 0.0043 0.0343 0.0030 0.0051 0.0001 326 + 0.89 342 + 3.02 315 341
0OD-33-3 0.0451 0.0029 0.0328 0.0021 0.0053 0.0001 339 + 084 328 + 216 639 709
OD-33-4 0.0429 0.0040 0.0313 0.0029 0.0053 0.0002 340 + 1.05 313 = 295 314 314
OD-33-5 0.0463 0.0039 0.0329 0.0027 0.0052 0.0002 331 + 098 329 + 276 374 367




Table A1l Zircon U-Pb isotopic data for sample Tcs-E-03 obtained by quadrupole inductively coupled plasma mass spectrometry.

Accretionary age of the North Kitakami Belt (MUTO)

Isotopic ratios U-Pb age (Ma)
No. z;’;i E;ror 22037# Error 220:8Pb Error 220:8Pb Error 22037% Error (péjm) (p-;l;:ﬂ)
Pb (o] U 20 U 20 U 20 U 20
1 0.1251 0.0042 6.1566 0.3293 0.3567 0.0114 19664 + 72.8 1998.3 + 289.1 286 183
2 0.0491 0.0024 0.1694 0.0104 0.0250 0.0007 1594 + 47 1589 + 105 323 127
3 0.0485 0.0035 0.1706 0.0143 0.0255 0.0010 1621 + 6.3 1899 £ 144 582 247
4 0.0476 0.0031 0.1621 0.0123 0.0247 0.0009 1570 + 55 1525 + 125 397 291
5 0.0488 0.0044 0.1635 0.0164 0.0243 0.0011 1545 + 70 1538 * 165 1250 800
6 0.0488 0.0036 0.1700 0.0145 0.0253 0.0010 1609 =+ 6.3 1895 * 146 171 129
7 0.0502 0.0035 0.1721 0.0140 0.0248 0.0009 1581 = 6.0 161.2 = 141 137 106
8 0.0471 0.0035 0.1624 0.0138 0.0250 0.0010 1590 * 6.1 1528 + 13.9 343 295
9 0.0503 0.0043 0.1728 0.0166 0.0249 0.0011 1886 =+ 7.0 161.8 * 16.7 281 195
10 0.0479 0.0028 0.1637 0.0114 0.0248 0.0008 1579 + 52 1539 * 115 418 302
11 0.0511 0.0034 0.1712 0.0133 0.0243 0.0009 1546 + 56 160.5 + 134 814 420
12 0.0497 0.0023 0.1702 0.0101 0.0248 0.0007 1880 * 45 1896 * 102 173 251
13 0.0493 0.0036 0.1664 0.0139 0.0245 0.0009 1559 + 6.0 156.3 * 14.0 265 189
14 0.0511 0.0028 0.1692 0.0114 0.0240 0.0008 1530 * 49 1587 + 115 788 371
15 0.0501 0.0032 0.1715 0.0130 0.0248 0.0009 1881 + 56 160.7 * 13.2 386 95
16 0.0498 0.0031 0.1693 0.0118 0.0247 0.0007 1571 + 48 158.8 + 120 363 268
17 0.0527 0.0038 0.1905 0.0152 0.0262 0.0009 1666 =+ 6.0 1770 + 154 319 197
18 0.0471 0.0034 0.1601 0.0128 0.0246 0.0008 156.8 + 54 150.8 * 129 393 224
19 0.0486 0.0032 0.1657 0.0122 0.0247 0.0008 1574 + 50 15857 + 124 644 202
20 0.0475 0.0042 0.1608 0.0153 0.0246 0.0010 1564 + 64 1514 + 154 526 296
21 0.0507 0.0030 0.1712 0.0114 0.0245 0.0007 1859 =+ 45 1605 *= 11.5 1079 1063
22 0.0505 0.0020 0.1679 0.0083 0.0241 0.0005 1536 + 3.3 1576 + 84 370 263
23 0.0503 0.0023 0.1701 0.0093 0.0245 0.0006 156.0 =+ 3.7 1595 + 94 295 217
24 0.0489 0.0030 0.1627 0.0112 0.0241 0.0007 1835 =+ 45 1831 = 113 183 138
25 0.0483 0.0029 0.1650 0.0113 0.0248 0.0007 157.7 + 47 1551 = 114 274 212
26 0.0511 0.0023 0.1738 0.0095 0.0247 0.0006 1570 = 37 1627 + 9.6 904 368
27 0.0498 0.0048 0.1668 0.0173 0.0243 0.0011 1546 = 70 1566 * 174 261 189
28 0.0511 0.0035 0.1684 0.0129 0.0239 0.0008 1523 * 51 158.0 % 13.0 272 82
29 0.0484 0.0032 0.1602 0.0119 0.0240 0.0008 1529 + 49 1509 + 120 229 170
30 0.0492 0.0025 0.1682 0.0098 0.0248 0.0006 1578 + 40 1579 + 99 410 111

Standards are the same as in Table A1




Table A12 Zircon U-PDb isotopic data for sample 200824-07 obtained by quadrupole inductively coupled plasma mass spectrometry.
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Shadowed data indicate discordant age data.

Isotopic ratios

U-Pb age (Ma)

No. zZ;Pb Error _*'Pb_ Error _*®Pb_ Error | *®Pb Error *7pp Error (p;tjm) (p-rl;:'.)
Pb 20 235 20 238 20 238 20 235 20

1 0.0466 0.0031 0.1735 0.0120 0.0270 0.0008 1717 + 54 1625 + 121 120 108
2 0.0486 0.0032 0.1849 0.0128 0.0276 0.0009 1753 + 56 1722 + 129 113 148
3 0.1141 0.0026 5.2235 0.1702 0.3317 0.0091 1846.8 + 585 1856.5 =+ 159.6 119 79
4 0.0484 0.0021 0.1731 0.0077 0.0259 0.0005 1650 =+ 33 1621 + 7.8 317 122
5 0.0489 0.0041 0.1747 0.0151 0.0259 0.0010 1647 + 65 1635 + 152 75 139
6 0.0522 0.0030 0.2668 0.0164 0.0370 0.0012 2345 £ 75 2401 £ 165 108 100
7 0.1124 0.0023 4.2247 0.0855 0.2725 0.0037 15534 + 241 16788 + 833 641 84
8 0.0497 0.0018 0.1833 0.0064 0.0267 0.0004 1700 + 28 1709 + 65 529 483
9 0.1116 0.0023 4.0948 0.0875 0.2658 0.0040 15196 + 258 16533 + 85.2 495 68
10 0.0500 0.0019 0.1841 0.0068 0.0267 0.0005 1696 =+ 29 1715 + 69 467 362
1 0.0488 0.0024 0.1796 0.0091 0.0267 0.0006 1696 =+ 4.0 1677 + 9.2 225 190
12 0.0481 0.0025 0.1763 0.0093 0.0266 0.0006 169.0 =+ 4.1 1649 + 94 210 207
13 0.0458 0.0034 0.1504 0.0115 0.0238 0.0008 1517 + 50 1422 + 116 110 147
14 0.0485 0.0021 0.1830 0.0080 0.0274 0.0005 1740 + 35 1706 =+ 8.1 316 272
15 0.0496 0.0023 0.1871 0.0088 0.0274 0.0006 1740 =+ 38 1741 = 89 261 146
16 0.0471 0.0025 0.1728 0.0096 0.0266 0.0006 1694 =+ 39 1619 + 97 229 87
17 0.1132 0.0031 5.0970 0.1617 0.3263 0.0060 18205 + 387 18356 + 1522 278 40
18 0.0521 0.0022 0.1938 0.0083 0.0270 0.0005 1717 + 30 1799 + 84 429 161
19 0.1134 0.0034 52470 0.2177 0.3354 0.0104 18644 <+ 66.6 1860.3 + 200.0 91 127
20 0.0496 0.0029 0.1815 0.0112 0.0265 0.0007 168.7 =+ 45 1694 + 113 168 173
21 0.0471 0.0024 0.1736 0.0093 0.0267 0.0006 1700 + 38 1626 + 94 246 94
22 0.0511 0.0018 0.2785 0.0103 0.0395 0.0006 2495 + 38 2494 + 104 530 12
23 0.0474 0.0027 0.1705 0.0102 0.0261 0.0006 166.1 = 4.1 1598 + 103 192 117
24 0.0507 0.0025 0.2000 0.0102 0.0286 0.0006 1819 =+ 40 1851 + 103 252 116
25 0.1296 0.0037 7.0014 0.2805 0.3915 0.0117 21208 + 748 21116 + 2510 98 113
26 0.0496 0.0026 0.1847 0.0098 0.0270 0.0006 1717 + 39 1721+ 99 239 82
27 0.0511 0.0019 0.2724 0.0107 0.0386 0.0006 2442 + 41 2446 + 108 422 47
28 0.1144 0.0033 52160 0.1916 0.3305 0.0083 18409 <+ 535 18552 + 178.0 140 68
29 0.0507 0.0020 0.1889 0.0077 0.0270 0.0004 1717 + 28 1757 + 78 499 312
30 0.0518 0.0020 0.2906 0.0117 0.0406 0.0007 2568 + 4.6 2590 + 118 375 214
31 0.0510 0.0013 0.2406 0.0069 0.0342 0.0007 2168 + 43 2189 £ 70 219 222
32 0.0504 0.0008 0.2313 0.0045 0.0333 0.0005 2110 + 33 2113 + 46 762 944
33 0.0494 0.0009 0.1760 0.0036 0.0258 0.0004 1644 =+ 26 1646 =+ 37 803 351
34 0.0496 0.0009 0.1902 0.0042 0.0278 0.0005 1768 =+ 29 1768 + 43 578 262
35 0.0499 0.0015 0.1841 0.0060 0.0267 0.0005 1700 + 35 1716 + 6.0 205 119
36 0.1133 0.0013 4.9411 0.0962 0.3161 0.0059 17709 £ 38.0 1809.3 + 933 170 136
37 0.0501 0.0012 0.1819 0.0050 0.0263 0.0005 1674 =+ 31 169.7 + 50 319 192
38 0.0484 0.0018 0.1781 0.0068 0.0267 0.0006 1699 =+ 39 1664 + 6.9 41 76
39 0.0497 0.0009 0.1769 0.0037 0.0258 0.0004 1643 + 26 1654 + 37 773 461
40 0.0497 0.0009 0.1904 0.0039 0.0278 0.0004 1766 =+ 28 1769 + 39 755 881
4 0.1196 0.0013 4.5639 0.0858 0.2766 0.0050 15741 = 321 17427 + 836 200 96
42 0.0510 0.0009 0.2433 0.0052 0.0346 0.0006 2191 + 36 2211 £+ 52 537 154
43 0.1127 0.0012 4.5349 0.0823 0.2917 0.0051 16498 + 327 17374 + 80.3 236 124
44 0.0522 0.0010 0.3587 0.0082 0.0498 0.0009 3133 + 56 3112 + 83 313 80
45 0.0499 0.0017 0.1953 0.0073 0.0283 0.0006 1802 =+ 4.1 1811 + 74 139 76
46 0.0499 0.0011 0.1950 0.0048 0.0283 0.0005 1799 =+ 31 1809 + 49 39% 319
47 0.0510 0.0017 0.1992 0.0072 0.0283 0.0006 1799 =+ 40 1844 + 73 147 55
48 0.0490 0.0012 0.1841 0.0049 0.0272 0.0005 1733 = 31 1716 + 49 344 123
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Table A12 Continued.

Isotopic ratios

U-Pb age (Ma)

No. ::Pb E;ror 220375Pb Error 2:36an Error 22":8Pb Error ZZO;Pb Error (p;]m ) (p-’r)r:n )
Pb (o} U 20 U 20 U 20 u 20

49 0.1102 0.0011 3.7128 0.0570 0.2441 0.0036 14080 =+ 234 15741 + 563 778 14

50 0.0498 0.0009 0.1673 0.0034 0.0243 0.0004 1561 + 24 1571 + 34 877 674

51 0.0503 0.0012 0.1840 0.0049 0.0265 0.0004 1686 =+ 238 1715 =+ 50 365 240

52 0.0491 0.0012 0.1786 0.0047 0.0264 0.0004 1678 + 2.7 1668 =+ 4.7 392 196

53 0.0492 0.0015 0.1889 0.0060 0.0278 0.0005 1769 + 33 1757 * 6.1 222 180

54 0.0483 0.0027 0.1867 0.0107 0.0280 0.0008 1780 = 55 1738 + 108 58 51

55 0.0495 0.0010 0.1819 0.0039 0.0266 0.0004 1693 + 24 169.7 + 4.0 727 554

56 0.0568 0.0011 0.4114 0.0088 0.0525 0.0008 3297 + 541 3499 + 89 388 154

57 0.0496 0.0012 0.1936 0.0051 0.0283 0.0005 179.7 + 29 1797 = 51 366 495

58 0.0490 0.0008 0.1755 0.0033 0.0260 0.0003 16564 + 22 1642 =+ 33 1385 597

59 0.0480 0.0014 0.1863 0.0057 0.0281 0.0005 1788 =+ 32 1735 =+ 58 246 224

60 0.0496 0.0012 0.1799 0.0047 0.0263 0.0004 1673 = 27 1680 =+ 48 387 420

61 0.0481 0.0013 0.1650 0.0047 0.0249 0.0004 1584 + 27 1550 =+ 47 335 216

62 0.0475 0.0023 0.1887 0.0094 0.0288 0.0008 1829 =+ 49 1755 =+ 95 78 58

63 0.0492 0.0013 0.1959 0.0056 0.0288 0.0005 1833 + 32 1817 =+ 57 285 239

64 0.0502 0.0014 0.2430 0.0071 0.0351 0.0006 2221 £ 41 2209 * 72 224 268
Standards

91500epo 5-1 0.0817 0.0026 2.0551 0.0938 0.1823 0.00671 1079.8 + 431 11340 £ 91.0 66 25

91500epo 5-2 0.0797 0.0026 2.0292 0.0943 0.1846 0.00691 10921 + 444 11254 + 915 63 42

91500epo 5-3 0.0816 0.0026 2.0735 0.0952 0.1842 0.00683 | 1090.0 =+ 43.9 11401 + 923 65 35

91500epo 5-4 0.0818 0.0030 2.0800 0.1042 0.1844 0.00678 | 1090.9 =+ 43.6 11422 + 100.7 65 25

91500epo 5-5 0.0837 0.0030 2.1430 0.1065 0.1855 0.00678 | 1097.1 =+ 436 11628 =+ 102.7 66 27

91500epo 5-6 0.0841 0.0030 2.0622 0.0964 0.1777 0.00596 | 10546 + 383 11363 + 935 79 25

OD3 5-1 0.0445 0.0036 0.0318 0.0025 0.0052 0.00012 333 = 08 318 + 25 442 865

OD3 52 0.0458 0.0034 0.0326 0.0024 0.0052 0.00011 332 = 07 326 * 24 557 804

91500epo 2-4 0.0745 0.0015 1.8132 0.0544 0.1764 0.00461 10472 + 296 1050.2 + 53.7 59 23

91500epo 2-5 0.0741 0.0015 1.8181 0.0540 0.1779 0.00461 10555 + 296 10520 + 534 60 33

91500epo 2-6 0.0738 0.0014 1.8520 0.0552 0.1819 0.00473 | 10776 =+ 304 1064.1 + 545 59 33

91500epo 2-7 0.0746 0.0016 1.8194 0.0546 0.1767 0.00440 | 1048.7 =+ 283 10525 + 540 61 26

91500epo 2-8 0.0750 0.0016 1.8391 0.0558 0.1777 0.00448 | 10546 =+ 28.8 10595 + 552 59 36

OD32-4 0.0479 0.0025 0.0334 0.0017 0.0051 0.00012 326 + 08 334 + 18 342 663

OD32-5 0.0475 0.0024 0.0339 0.0017 0.0052 0.00011 333 + 07 339 * 17 375 813
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Table A13 Zircon U-Pb isotopic data for sample Oka-03 obtained by quadrupole inductively coupled plasma mass spectrometry.

Isotopic ratios U-Pb age (Ma)
No. zz;i E;ror 2:37% E;ror 2:36:% E;ror ZZ:BPb Error 2::# Error (p;Jm) (p-;:w)
Pb o U o U o U o U o

1 0.0548 0.0043 0.1750 0.0146 0.0232 0.0009 1475 + 57 1637 + 147 333 443

2 0.0505 0.0026 0.1643 0.0090 0.0236 0.0006 150.1 + 3.8 1544 + 9.1 36 48

3 0.0548 0.0049 0.1783 0.0168 0.0236 0.0010 1503 + 6.5 1666 + 169 76 176

4 0.0478 0.0025 0.1561 0.0088 0.0237 0.0006 150.8 + 3.9 1473 + 89 259 363

5 0.0517 0.0043 0.1692 0.0146 0.0237 0.0009 1511 £ 59 158.7 + 147 101 75

6 0.0489 0.0042 0.1603 0.0143 0.0238 0.0009 1515 + 59 1510 + 144 307 91

7 0.0506 0.0020 0.1660 0.0073 0.0238 0.0005 1515 + 32 1559 + 74 114 177

8 0.0495 0.0024 0.1626 0.0080 0.0238 0.0005 1516 + 35 1530 =+ 8.1 272 453

9 0.0490 0.0026 0.1610 0.0092 0.0238 0.0006 1517 £ 40 1516 + 9.3 281 329

10 0.0502 0.0020 0.1655 0.0072 0.0239 0.0005 1521 + 32 1555 + 7.3 9N 63

1 0.0466 0.0035 0.1536 0.0120 0.0239 0.0008 1523 + 52 1451 + 122 74 135
12 0.0519 0.0025 0.1712 0.0084 0.0239 0.0005 1525 + 35 1605 + 85 260 381
13 0.0495 0.0021 0.1635 0.0076 0.0239 0.0005 1525 + 34 1538 + 7.7 128 76
14 0.0475 0.0024 0.1577 0.0080 0.0240 0.0006 1532 + 35 1487 + 8.1 390 639
15 0.04838 0.0025 0.1621 0.0087 0.0241 0.0006 1533 + 3.8 1526 + 88 106 252
16 0.0516 0.0024 0.1713 0.0086 0.0241 0.0006 1533 + 37 1606 + 87 339 425
17 0.0503 0.0028 0.1671 0.0101 0.0241 0.0007 1534 + 43 1569 + 102 196 561
18 0.0496 0.0035 0.1648 0.0119 0.0241 0.0008 1534 + 50 1549 + 120 116 246
19 0.0484 0.0020 0.1611 0.0069 0.0241 0.0005 1538 + 3.1 1517 + 7.0 187 154
20 0.0523 0.0040 0.1745 0.0137 0.0242 0.0009 1541 + 55 1633 + 1338 237 259
21 0.0516 0.0061 0.1724 0.0211 0.0242 0.0013 1542 + 84 1615 + 212 330 520
22 0.0500 0.0022 0.1676 0.0081 0.0243 0.0006 1548 + 36 1573 + 82 59 89
23 0.0490 0.0018 0.1643 0.0066 0.0243 0.0005 1548 + 3.1 1544 + 6.7 407 690
24 0.0504 0.0033 0.1689 0.0114 0.0243 0.0007 1549 + 47 1585 + 115 290 438
25 0.0486 0.0022 0.1632 0.0074 0.0243 0.0005 1549 + 33 1535 + 75 211 630
26 0.0509 0.0024 0.1711 0.0082 0.0243 0.0005 1551 + 35 1604 + 83 161 9%
27 0.0523 0.0036 0.1780 0.0128 0.0247 0.0008 1572 + 52 1664 + 13.0 256 197
28 0.0491 0.0022 0.1678 0.0082 0.0248 0.0006 1578 + 37 1575 + 83 204 129
29 0.0447 0.0031 0.1529 0.0111 0.0248 0.0008 158.0 + 50 1445 + 112 77 135
30 0.1125 0.0025 4.9805 0.1299 0.3207 0.0062 17934 + 3938 1816.0 + 124.0 265 263

Standards

91500epo 4-1 | 0.0753 0.0026 1.8673 0.0905  0.1796 0.0068 1065 + 44 1070 + 88 58 15
91500epo 4-2 | 0.0731 0.0026 1.8479 0.0913  0.1832 0.0071 1084 + 45 1063 + 89 55 20
OD-34-1 0.0419 0.0048  0.0297 0.0033  0.0051 0.0002 331 = 1.09 297 + 338 222 231
OD-34-2 0.0440 0.0049  0.0306 0.0034  0.0050 0.0002 324 + 107 306 + 343 223 230
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YAMASAKI Toru (2025) Whole-rock geochemical compositions of the Ryoke plutonic rocks and
metamorphic rocks from the 1:50,000, OGAWARA Quadrangle. Bulletin of the Geological Survey of
Japan, vol. 76 (1/2), p. 101-132, 12 figs and 1 table.

Abstract: In order to provide a geochemical basis for the lithological classifications of the plutonic rocks
identified during the preparation of the 1:50,000 scale geological map of the Ogawara Quadrangle, an
analysis of the major and trace elements of the rocks from the Ryoke Plutono—Metamorphic Complex
within this map area was conducted. Previous studies have suggested that the plutonic rocks in the
Ogawara area are similar in lithology and that in some cases it is difficult to distinguish between
rock types or the existence of intermediate lithologies. The results of this study show that lithological
classification based on field occurrences and petrography can also be distinguished by a combination of
different indices of whole-rock chemical composition. While the whole-rock chemical compositions of
these lithological types correspond to the modal compositions of the constituent minerals, they cannot be
explained by a simple parent-child relationship, suggesting the existence of individual parent magmas.
Furthermore, based on preliminary examinations, the compositions of these rocks are similar to those
of plutonic rocks in the Akechi area of the Mikawa—Tono district, about 60 km away. This suggests that
an inter-regional comparison of the lithological types can be made by combining whole-rock chemical
compositions with field occurrences and petrography.

Keywords: 1:50,000, OGAWARA Quadrangle, Ryoke Plutono-Metamorphic Complex, granite, gabbro,
whole-rock major element composition, whole-rock trace element composition
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grained facies, Minakata-F: Minakata Granite fine-
grained facies. Qtz—Afs—Pl discrimination diagram
after Le Maitre (2002).

AOBRAME THMHEMNIZHEREL Th 2 RN THD,
Kk - mmfems L RBE 20 QLEIZ A, 1974),
REWAE A IZED 572D (Yamada and Hayama, 1977)
LT3, L»L%AEHMS, Yamada and Hayama (1977) C
i, 2 OFE KRENE) O BB O 220 OFEHBHRNT
HoHLENTBL, L <IZBRZOHPEFOENE
DEIZHED S &, KEbfehis & 2 53R n
LIEEIEHOSEMAMRIEL T 2RSS & 5720, K
W28 TR R IR EA DA 28I & - Thinsh S 7z Fml
A1 (Hayama, 1959) % Fvy, ARAHHE D K FBIERE &
XAl LT 5.

HRELBAETE, 2kdes - 2RbE - AREES »
LR ENS EE1XD). ThoDERADS B, L
(RO USSR AT % & DI, TEE~ILrERIc
2T TR IR O X FRAM A LU TIAL 00 51k
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O—FELBbhs. ZhIMIET, KZIEIHKLTH
3R EBCE AP I EE S B HERTH 5. 7277
L, ZhoDiifEakRpOEREHOMEX, LA L
DA, T O R RBAE THO FIFK R E & B4 d@ Rl
Th b, ERIREDHEIMASDEIZIE, BEETIEEW
é@@%wﬁﬁﬁb,W%m%w%ﬁt%&@%ﬁib
PHO/NE AR ARG HE D8 R B A R % B < 3853 T,
L AL EETHMRAED, NS & BRIl E RS
Mtk & O RO BHIRILAR O FERR T K OV N TR A
VEOFPBEERRLTIEH ) RA+EE A + ERAOM
AEVREET 5. WThEHEREREHICUFE ST
S0BEABROIT LA TH 57280, TRBERER & H
KA K D EMEREHE 2 BEHL TH->THD,
ERE LT, RENIZH ) RA+EFTLAOMAE £
LTWBEDEEIONS.

AR Ik O FHECR RS TIE, B GRS 2 R & A <
oA L, PHIRILAR EHESALE O @ RILAHES? &, KR
MRS % THd 5 (B 1KIb) . KEMISIEAREAL
PEER I IS R e R R A3, BB IS 1A < HDREAH A
AT 5. LTI O M m{ERE R O R, JEd
b= FILEDSAT B, NI S LIS AN TED
BEMEVZOMEIZIT, EREEEDE & % - 72010
NARDEND. X5HIT, THHDOETOEMPIZIE, K
INDFEGEE RO B AE RIS R BT 5. K
Ji sk 2 53 A0 B SHRVRBCEFHD & — FARRCE 55 2 [XIbic
RT. MERERZERT VTV v 7 ZAOESBEEREED
AEICIE, PALAREEAANOOEREZLZE&0E
DIZIFA— TV E4 FEVWIEHLAAMERIZHbh
TV, Zhb5iE, TUGS Subcomission (Le Maite, 2002)
DEMTIE, A LAREFEGREAEEANKAE
A AGRFEARI T EARIRAEEANES, &
BO&A»ALAEMRAE, ZLT, 2ALAARE
HeaARGE S Vs B ERtERD. ZDXD
12, TUGSOEFHICUEILL 72354, RSO = IboEn
12k, BHREVWELTIR—2 L —-TOEMTH - T
SRS AME LD, TIRTH»DIZ< WL, BT
BT ENTOBEHE OGRS RIS &5 7=
W, UTFTORd i, »ASAAELLZZONGEE
AARAOESR (X4 2290 2 M) %2 < GRS SE
HHREIZDOWT, HEDIL—TOEHEETARE L
Ta—t3v44 FEHWS.

TNTNORBOFH & HABIRIZ DWW T OIS IZLL
TOENTHS. FATizED B X K ORI & AFZED
AKX RN HEBOENE 252 D5 FHT 5 72
Bz, BAIEFR 5 ORI & 135 % 2 IEICHHT 5.

TEVEEER, JE N — s, EmfEREE, mEaft
AT NOSMEIZ SR L, NSO BRERI &
D IEVE TIRHPRIBE LS 700 LA S PIS 2 & MEE & h
30, MOBREHEOEARUREICIE, SO ARAER

WER, Whi®ba— 5 V&4 bAEEE IR
PEENICEET 5. mm{ER SR 0T SVE S I,
B10 com— 8 cm DR BE LN ~ Pl e DG B E A S &

LCHETHIENRZVN, WEHTIEZZEhL2HEHRLT
PEL, BB\ OESE A BB L B &2 R385
AEEVEAHO AR E L TERBIL T3,

MBS P OB EAAE S, BE~WEX 2 7 —
L TIRIEEOB AR S ICaH X h 3 ERERL, 1EE
AEDEA, MRS SE S SR SN 5. HEUEY
(AR & & 2 OFEAERS & OBIFEN O
FBHERETIE~ 7 < RA (mixing) BRIZY v — TR
TH L Thk % R I2IRAE (mingling) 3% (353[Xa, b)
M, 23T 4 72— X EBERER L EmmAs L
BemTHIFEMICZ L+ 2 KA R L, UL LITHRER
~JEFEB A B OEME RS 5. Sk, 295 L7zl
R SVEE I, JERE b — LS ORBUSH & Ak S h,
AW C G R R b O R B S & R BLL 7288
oy KO % OO FEfE R S MR, REFOMEX T
IR N —F A E U T KIS EB X TR
7= GHFEMZE 2 )L — 7, 1955 ; Yamada, 1957, 1967
Hayama, 1959 ; THHIRGEMELS, 2006). Z 5 L 7= BRfi#
ARTEE LT, HBITMIRIC LT, JEH L —F LA,
— BB A FRRIRE S AR T o0, TUREIHE TR
FrIRRIR RS 0 25 WAE R PIFEA IS VB I 2 o — L is B0 T
Wiks GEFHMFZ L — 7, 1955), & B0, &0 Fikes
WA < HERBE A HICWiRE U, mnfERS & QX2
[K#ETd 5 (Yamada, 1957) & Lal#ich &2 Ly
Lo, AMROBSEBRICKE S &, KnFE ko
EYEAHEIR, PESEBZDIFEAEDIEEFN—F L
BOMBEME T <, mEfER AR & [ o 5%
e LCikansg, 2 LT EriRic k> T b —
FOLEMEWIRE U 721 ITBIR OTE R PITA & X =g
TS 5 5N, mMAfERE SRS h 5. ek
BARIL, mA{ERSEMRAAEO AL 53, HRMHE & —
HTHABEAOBRZ/RT (B3 Xa, b). mA{ER MR
R, HDRAIZ B THI S M ICHDR T d B s, N
BWNPBAAEE LELEEORTRAIEh S, Kijf%
2BV CRIBHADEE T b 5 & 3%E L 7= HIAfERE h o
WHVEA A, Yamada (1957) T, BHELBER (R
R TICAN A BRERR IS 2RET 2 KB TRV T
W53, o T, BHAREHS (RIKE) ORE xR % 5
DO, HIROBERERAKRIIARNZE & BREANTH
5&EZ6N5.

MG HRIIE, AR S 269 5
BHER G & Tk e §5. RN EHE, BER®Y K
VIRISHE 7 > THROF IR E 29 % & & 3 ICHRD
BOfids2 LIELIEEA, BTHETHEREh w5 &
12, BEAHAE O KB SARIT 5 (3 1Xc). Fk
WHREIZ e ZAICK > TRESRZAZD, BEL Trhdufis
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3 KM s 9 2 SHFRIRCGE OB TOREIR. (o) ERSERE R (Cg) D ARBIRN 2 R8O o G H A
H M) OTEY. MIDXFEDDH 5 TEYOERZ, TH () DL S s ABERE/RT. (b) EHERERKHE (Co)
&SRB AERRA (MO OBIR. BRI, MEMHAMHAICEAL, AEERERT. (o) WRKIEOFRET
2 M iAfERAE DRI, (d) BIAERSADRAEO IR, BemD i TR N2 L, HREE (©) LRSS (F)
EWARRAN AT 5. () MIRRHE DR T 2 IERF b — L. () FRRIRMGE 278 34 HAERE.

Fig. 3 Field occurrences of Ryoke Plutonic Rocks in the Ogawara area. (a) Irregurarly shaped enclaves (Mf) of fine-grained facies of
mafic rocks in the coarse-grained facies of Ikuta Granite (Cg). The contact between the enclaves and the host granite shows
crenulate or caspate structure as in the panel (b). (b) Contact between fine-grained facies of mafic rocks (Mf) and coarse-grained
facies of Ikuta Granite (Cg). (c) Coarse-grained facies of Ikuta Granite showing gneissose structure. (d) Mode of occurrence
of fine-grained facies of Ikuta Granite. Grain size changes rapidly within a few centimeters and the relatively coarse-grained
portion (C) and fine-grained portion (F) were irregularly distributed. (¢) Hiji Tonalite with banded structure. (f) Ikuta Granite

showing gneissose structure.
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BUDED TN TZOREML A EAL»H D, HR
HRFEREIROEHERT2588 5 5. BH Tkl T &
5 FOR BT, ARMFZSHIR O MR RS EO TR
SHAHMZZ LWETH 5. WHEAHOWG RS
&, MAEfERAE R TIZERIZE T3 DI Tk
KL, LZAIZEDERLTHFHETS. TD LS EGA,
WS AT 54 2 b T B ISR R
AN E S ERS S O, ARG EH RERAER IR
HhrofikEhb, =770, ARG EHEHERERPIR
BERMTHOUES 22 A0bIITdan. 20k,
HEHME AT RRRE A BHE 58, B WT
FERE b — FILERA TGRS & O BNEETH 5.

R IAE R A AR DR ZE N 25, SRR R E R
BT, Ak HRHED XS ICEABTH 255
NELVEHE3KA. HRHEFRICL, SPEUAEE%
KECBETIHAIEMI L ARNGEELILERH D,
LIZUISAERPIREEE TH 5. %77, RE L H—0DFEHE
INTZAL L, AXTAHDRE 22 & O ORURERH 2 A bk 1<
5 M LS IR 2 A S IEIE X T X o, HPRIAR
BRISGEWGER SO, KRG 2 R T 568 5 5.
MRS S ARRAZ2 GLGERH 5. M
i, HEERZ L — 7 (1955) TR IRAER I &
v 24 M b S OEFRIRIERE L E R, JERE b —
U (“EHMERIE I v 2 4 M) IR TEBICEDbR
U UISHIE A RO Cliife 3 % LEdib e h T 5.

R b —F L Ed, KE SRR, B AR H O
ARILRFERRES 2 & R PH IS 181 04§ 2 Ak &, Z Dt
REOEA, 7 U TARIEISILERIC i+ 5. —i%
VR~ HoR; TR e oRRIRR S 2R 3 — LR RS
oINS, LiIFLIE, ARGREREROREL -
B EVEER & RHREA R A EICE O E AL & S Bmm ki
THRIZET 5 (B3 Kle). ZHUIFMZ, FE$10 cm ~
B emDEIROWMHEIE ELLA S H 5. FEIAERS
FURIAE & 1%, mafera RO S 2R TH bRk,
fRkE UCTHEBEMIZZ Lvb, 2 LT, MIafEREH
R TRAEGEDR Y R VIRCHERET 2 800, JER
b= FLEO K O ICEEVEE & (B BRI X A R
SBWRTX &N B, AR RRAE & Ry b —
AL OERE, PHBILIRO SARILKER O S v T 4
v R PUAENNSE R /NI N FRER I BT, IR L
TBRUEABE IS A, NIRMN AR EEIL Th 3 1
12, WA R RRIREESE AN TH 5 720, Jifbizk -
THAHADIEELIRA #HA T 5 Z L NEHETH 5. 7=
ZL, ZOZE, WMEIFBTIZLERZKT LD
TiEN.

AWAEREE R, BITHEIC BV TE, BRI WE
5 BS CTh B & ik & T % 72 (Yamada, 1957, 1967).
UL Lahs, KRIETXS U724 WTEimeiE ki
FRR g2 A L, e b — 7 L a0 i A e

DR FRIRES & B4 5 CE3XI). BIToiiiz sy
THERTER S QM) 25 & ST & =BUROTERE
1, /N VE OO [ AR XD s 2 5 5 (TE - oL
M, 1957). % OO AT TIE, RIFZEHE O FHIA
TERIAE AR O 3 Ak O — 5 23 A HAE R 51 &) TR B

ENh T3 (Bl 2%, Hayama and Yamada, 1977). & 5
12, Yamada (1957, 1967) DFC#Tid, AHAERE DR
ELTEROEGREAREREOMERE G LTn
%. %72, Yamada (1957) Tif, —#BizduWCAEHTERA
FHIRAEOLEEROSAS &0, AEH{ERS H FRRIRAE
FACHET 2ERERBOEND EBRTWSE. T4ab
b, SEATIFZER C A BRI O RO RRE R 43 A | A&
NHD, ThoDildaSEICAWNEOX FIZHHE &,
IR TEROEPEAOAAME GO LB Eh T3
orid, AR OMEAERSMRAICHEY L, kg
LEERO S &, AHERAEBWifE T 5 L ShTwa ki
FRIRAER S L, F e UTHmfei SRS L, —
2, RN —FLEEED LRI NS, &, Yamada
(1957, 1967) T, AKHFFEO4 WA AT EIRO IR
FRZTEIRTERPIS (Yamada, 1957 CIZIEIRAER) DR
VLR ARNTER D, T ORERIZERTERE D S i
By 2RMNASHE XN TWS. KIFETIE, ZoN
FAER S 3 BIER A O BERER S 2 &0 7.

EHERE R, £< OBA, JEFE b — P LA R EIATE
fa g & & < BRIz BRIREE 28328, mmfeRe & X
3 &, ARAOICEARGHEDRARE L TEEOREE
D, F72, MIA{ERAEICIE, BEICHOLTUZ LIRS
BEEEOUAEEREENS OIS L, EHEREEIZIRT
haedw ohmn, —J, JEFE b —F S &3 A @
DRI EHEELT 22, JEHFr—FrFicurLl
RONBMEREE 2723, £ OBA, AEHTERSAIC
FREMICERBOARNAO G Eh I T Ehd. &
512, MBS ISR & LT A G2
WA DOEN L EIZEEN 2D L, JER N —F LS
RLEAERSEINERL 2, T bFrLrEEhik
V. BRAGOATEE B CEANT 5 D1k I I IR
Th 50, EHERSE TIE LI LI — XTI T EE 4
KEDwBhAONEENS.

K ik & W 3 2 RHAR VRS FHIZ D W T, D
W2E THFRD R % 25 A4 & oo Thi b 5
SRTHA A TS AL TERET 5 L, JEER, K
I (RIFITER R, AR (& U <132 A -
AR KOS A E R . RITZRICE DV TR
MO AE S S - TEHT L, DUTOE) k5.
(DWFThoOBER S A EH» SRR Eh 5. fil Xk
FROIIERPIRRS, b — s, RIS 2 & MK X
N5 L& IS EEAI (MRS MPIS & o) %1
W, KEBANIIERE, ERPIE, = FLER0D
EORINE GEPER) 2 ok X 5. AHIIAIER
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PO, b —FLEROTERSE 2> 5K S h, 2RO
PEARERAOES 258, Tho oS, £
FifkE LB E N TWIEEEH 5. 2 IFFRRIKRUK
WAL, ISR RIS TR 5 a h, Bk
WREEZF < BRIRISEWE e b 5. —F, WAL
MBI IZT D, kRS 2 R385 8 5 5. (3)
WINOERE, A OEMER T Tt 3 2 Rk 8l
AN, BAIT &k - TUEEONE SR RE 2 h A
AR

Pllhofsic ko< &, KFE U O SHRFRS I,
PR SE DO MW SR EE S OF R E W5 285 T
DEERR, E— FHUK (BA%OEN) 12K 5 iR
oL, FEAERATERWZ EIZRD. ZLT, &
BRiZ, 3) D &5 ICRIBOHIE N AT HE 2 P B EH O
FESME XN TS, 25 LEOWL O3, |k
WO, AWROBEKERE & LITEH T L1250k
BT LIk TN I NS 2, wWThitd &
WA B BREEIR K OB F T ORERIZ & B 380 o R #E &
2, A (WEHID) OEFRICAME» &S 7256 LTW5.

2.2 KABRERMBOEFRREREBOERBENR

K2 5 MG N TR ERBIRIZTLE S
=8, LITORRTIE, R USRI REI S, 5
Boh7=FREGOTEMT 5. ZZTHEE & 2D,
INFTHRARTEZ LS ICREMDERZENBITNIE S
CICAHIHETH 5 728, FRUEEA, HiZZ i
ICEBT28DTH 5D, W, FHEHIRTHE SN
A, HICKMFEHBSO ST E LIS 28D TH
BOMNIZDONT, BT LEMEREA L VWHTH S, AT,
SETIE O 5 R RN A RO, Th
ZHOEETO~ &7 < IRA R FHLAEFH O arRgE % PR
TET, 25 ChbeT5L, RNAKERDES, RO
RIRAR TR AR L T BE»ORMEE A TS
(FEAl 2 a2 LG, 2025 2B X h/zv), 22T, K
T, TN EhOEERDRENREFN L LT, CHIMEAEAR
& VL3 VU-PYVEAR & & B Tl ik & B IEMEA S
tDELT 3. 2L, EFYA FCHIMEENRIE, [H—D
k- HRIA S/ NAEY LT YU-PHER K D & R
VMBI A & O FTREME S BRI M TR D, ZhoD
— I REE DR ARG 6 DT F YA F DRAISH
E4 2 ArEe: & R X T b (Bl 213, Takatsuka et al.,
2018). AFWTIEZ S LRI OV TUIEBALT, ¥
a2 YU-PHEM & CHIMEER D ARG Eh Tk D,
M, VI3 YU-PHHFERDIE S WGP IL T Y U-
PoEE & BEREEN E LCTHRT 5.

Nakamura ef al. (2022) 13, AXIEBIRO~ 4 24
AbEs sk D RB A S DL 2 Y U-PHEE & KW, 85.6+ 1.5
Ma, 77.7+0.4 Ma, M 1U°70.9+03 Ma® 3D DHE L
2 %5 L7z, Yokoyama et al. (2016) 1%, HAZE? 6

40050t D Y 5 =4+ 4 b KT b —F 4+ CHIMEfF- %
WLz 205 B3R AKRKIIE S O R A E A A
5DEDT, 726+09 Ma, 722+12 Ma, KU71.6+1.0
Ma®dD v 7 =+ 4 FCHIMEF-RZRT. &k, 3D
5B IRE 2RI E 7= fiiE GRIE O W) DOREfER S I,
Yamada (1957) 12 & - C, SUAYRY 2 KRG S & A
MICEl—Td B b R5ENT 5. K5 T, Nakamura et
al. (2022) 12X %709+ 03 MaD#ER L 212, FEIAER
AROZ N & R ED) U 223 RS SO BRI
YT 2 EHFEh 5 (BE2Ka). WEIEL (2000) 1, &
XM HbISR A & FI BT & 5 SRR LR E T O D “BRIR” D IEF;
k= FILEA 5 86+ 7 Mad ¥ )L I » U-Pb SHRIMPAH-AR %
WME LA, ZZTUHIRTERBHE SN2 3013, FEFF b —
FIEERBO T 2 EIREE 2 RS EHE WS BT,
RIS Z /K< b Tid vy, Nakamura ef al. (2022) 12
X %856+1.5 MaDFAR L 21, Z DIEIEH (2000)
12 BEMRE L, JEH b — FILEDOREREERITHY
T3 BRI ND (F2Xa). FEIEAH (2000) 1%, Lbib
O IR D IEFF b — FILE ORI A 571 +3 Ma
DY )3 YU-Pb SHRIMPHER G E L TV 528, ZD
EARMEE, FROREMAERE R U2 h & [FREE IS L
RO BRE R E — T 5 -0, 5 FERD
WHYEBSOFRTHY, PaEBERUWEET -7
REHZBWTIE, JER - FILEOESE I BROE A
KCTHBZLEBKRL TS EHEREN S, AMfERE
2561, Y3 vU-PHERCHIMEE R O#HE T 4% <,
84.1 MaDRb-Sr& 5 7 4 ¥V 7 1 v 44X (Kagami, 1973)
K U142 Ma®DRb-Sr 25 7 4 Y 2 1 V4R, (Hayama and
Yamada, 1977) G XN TWBEDATH 5. HATHIZRIC
BT, ARfEREIE, KR 2 ot Tos
AZEATAREFTVEITH 2 LR TEHD, &
LEZMBIELWET S &, Ro-SIEBETA Vo a Vi
g, FIZ@BRAZRED VL3 Y U-PhERIZIES L il
AHOEMFENRE S RELSFIET S, sz & 51z,
A AEREI IR BT IS & B IS b — LA AT
e (ORI O SV A SH) & OFEA EoEEL2 R S
N -7, BETA Vo a VERREEC O 2RR
IS RIOGBIANRA L T B AREME e PR T X, Kk
L B BRO-SIEETA V70 VIERDOE S L2 AR
M2 EH2 Z LW CH . 72720, 84.1 MadD
MR (Kagami, 1973) 122 & 535418, EHAERSE
JEF b —FLED—EBTH B0, HD5VIEAKFFEDIER:
b — OIS E AEHLERE & U T L 2z nTRgtE A
MBI ND, —F, KFEICHNTE, MBSt
e OBty 5, AHfERS OB AR JER b —F L
Hemmfeias (ROHEHES) LOMEBEL 0BT
e 5, IHEHENIZ, Nakamura ef al. (2022) D 77.7+0.4
Ma®/ )L 2 H34: TG R O BEREERIH Y 35 & 0 &4
EL, ZhERAT 5 (EE2Ka).
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3. SFE

EELEIR SO 720 AR, 8 & Bmmod
2778 LIidFy FRICUIWT L, UIlrmmic s Lzs
fAhy 4 —DEFELAVYEY FTF 4 27 THIDE S 72
%, A A VAR TI05 D LEERIFL . iRl
AEHE 110°CDF — T v T BRI XY, RV AT
V=54 FIBETHBRE L 728, WXk THiZT L,
HWERERA Y v 4 — HERHERE (GSJ-Lab.) XED
EHEREEE (8 V7 2F V=34 F - I)IZTH
KEAREER L. &k, SEHIEREEIZL S5
PUZ B 72 5T, WENIRSMIIZREIZ L 30450 v
B3It —T g 3N &R XN T B (Yamasaki,
2018).

AETRCFHURIE, GSI-Lab. 3% O BOEXHR
& (XRF : PANalytical Axios) & FIWCTorbF L, 2rHiH
7T A2 ¥ — F O EE & #1513 Yamasaki (2014)
IZHE 5 72, AEMEITTEMEIE, XREGHHIZHWZH 5
Z¥— FZ&HHWT, GSI-Lab. REDL —HF =T T L —
Voa VIEEREE T 7 A BREANEE (LA-ICP-MS) %
FWTHMT L7z, SWieE RO FEOREIL 2 h 2
M Yamasaki et al. (2015) } UFYamasaki and Yamashita (2016)
IR ENT WS, XREEULA-ICP-MS/T M OREE 122
Zh, KEMEHFEAT (USGS) HER{L 3 FEHEY) B BCR-2
(Wilson, 2000) F OB SEFEAHR O AT SE T B SR AR A
v 4 — HER(UFREHEMI B TA-1 (Imai ez al., 1995) % FW T
o4 = L7 FIRICENS OHERLZHENE D 5
WitsR%E=RT.

4. HREHM MR

MR OREWN 2 AR EF 1RIORT. SRk
FHI162ARE 2T H %720, ETOHNEIR e
U CRERREFY R Y P UICAB L T (URLIZEH 1 &
FITRLT).

4.1 HEEFAOERTE

INEFTARNRTEALS IS, Kuflghtss /4 % 8
RO AL, AP KR E L, MIIOHEE
F, B SRRETOR e Rl 5 2 LIENEETH 5.
Z 27T, BEMMANEY 5 AR R EHIZ DL TLITIS
il g 5.

FEFb—FILE

VHE 2 RIS A R T ARG RER P - LA RT
TR B 2 5 R X 5. BRI FHEN, ik
HERN, ALV TL Y NEEREL, PEOTLA Y E
BEGODGEDR D D, HEEMORILITEZAIZE ST
R, MICHBEEERTHAEGE G I8 H 5.
SEEVE T, BHROFIL Y TL Y R ERIROBEER L

Bigl L, 25 HEsE L2zl U CRE L - (EH
B L, AERABOBAER L 2 mmEE ORIET
BORLENZ ZEI2XD, MRS E25R 3 (4K
a). FIRTEEPOREIZ LS mmA» 5 0.2 mmfEE £ CTH
Bz Z LT 5. FEOIREAR TITO RS R E
THEHEAENH D, TR RAMMETRIRIZEL, H
MM ERTZ ENH 5. P oM Ok
ARHL, SHOKENEARD 5h 5. HERTAE-
FrEHET, BECkERoLsatERY. ALy TL
Y FIREAEAME T, U LIEHREOIROME RS
Wi e L < IR EIREao L aMsRL, H
MONSZ R TIHARH 5. HEMEASEZh 54, f
- Rk g U <3RS e LCREL, JEPH %
ALY TV Y RIZRDEhs 81, B@mAIcE T
Ly ZTIRIZHL Y TL Y FHRELC TS (B4 KXD).

SHEEE

Fe LT PRANAEEERZER N —F LY, A
Pa &R TER PR R R ERER PR 22 & B & 1,
EZAICKDEENEY BRSNS, IRTEENIC
FPORBRIRERGE 2R L, SIRISOEWEIEMTH 5. 7
2L, JEF b —FILEIZERD 5B &5 BRI FrRRIR
IR &8, 72, L CHmfeREE & » & PRk
WEHRFINEANC & 5. 4GRS DS ALK ORI
BIEMOmWNEAL Y TL Y Pl & (FB4Xc) &, H
ETRFEOKRE fahAA (RAKEFE mmfEE) 2%
BIZEOL I L (B4Xd) TH 5. WK EAHOE T T
DERIE, BAHET, RROBZERIFH BT 5. 7=
7L, ERROFLY 7L Y FORZLT L & Emd
WERNET, £, BERSESMICREL THOEM
BB A48 DD, HEEIZR < v, BRI Ok
JE135.0 mm2 6 0.2 mmFEE F THGMIZELT . #
ROZAB A CRARMEERT IR D 5. F72,
AREEDORATINA A METRTZER DS,
YA TRUDSEMI DRI 2 FEHE L, S5O IEEITHYE AR
oD, 7K EOIIME OSSR E
BT 3. s r 7Ly FREAB-LHET, Wik
@ L IIHEGIREBAaD S G AR L, HMNSE
NTEAY D 5. BRERTABLAEE T, KRBEI%
wEoLalERL, 7oy MRICIET AL H 5.
Eff2.1 mmiET 3 HEOWhAOERBMIZZEICE
. BHAGIIHEAN SR RS2 R TI L1 d 5.

mEfERE A AR

—UZ FRRIARGE 2 A 2 RERHER S = £k § 5.
FIRRRREORERCHM O RILIZ L 2 A1 K > TELL,
AMHECEARO S A RERMEE RY oMb, HE
WHEEUAT A, FEOmMEERE AR I A
S E o s 0, ARAEA RGeS 2
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Fig. 4 Photomicrographs of Ryoke Plutonic Rocks in the Ogawara area. (a) Hiji Tonalite. Aligned hornblende and biotite
and transparent minerals show banded structure. (b) Mode of occurrence of clinopyroxene and hornblende in the
Hiji Tonalite. Clinopyroxene crystals include bleb-like hornblende. Hornblende crystal at the upper right of the field
show simple twin. (c) Ikuta Granite. Euhedral hornblende is a distinctive feature of Ikuta Granite. (d) Ikuta Granite.
Concentrated portion of the coarse-graind euhedral allanite. The scale of the photograph is the same as (c), showing
that the grain size is comparable to that of hornblende. (¢) Minakata Granite, coarse-grained facies. While biotite occurs
in ribbon-like shapes between the grains of feldspar and quartz, the continuity is not well-developed compared to the
Hiji Tonalite in (a). Large alkali feldspar crystals are characteristic. (f) Minakata Granite, fine-grained facies. The
scale of the photo is the same as the coarse-grained phase in (e), indicating the relatively fine-grained characteristics.
Large alkali feldspar crystals are characteristic. (g) Mafic rocks, fine-grained facies. Phenocrystic dusty plagioclase due
to numerous fine-grained inclusions is characteristic. (h) Cortlandite (spinel-olivine-orthopyroxene-clinopyroxene-
bearing hornblendite). Spinel, olivine, and orthopyroxene are included as chadacrysts in the hornblend oikocryst.
Hbl: hornblende, Bt: biotite, Cpx: clinopyroxene, Qtz: quartz, Pl: plagioclase, Afs: alkali feldspar, Aln: allanite, Opx:
orthopyroxene, Ol: olivine. (a) and (g): open nicol, and (b)—(f): crossed nicols.
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Fig. 5 Whole-rock major oxide Harker diagrams of granitic and metamorphic rocks in the Ogawara area. Fe,05*

denotes total Fe as Fe,Os.
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Fig. 7 Whole-rock major oxide-FeO*/MgO diagrams for Ryoke Plutonic Rocks in the Ogawara area. Fe,O3* denotes
total Fe as Fe;O3 and FeO* denotes total Fe as FeO, respectively. Symbols are the same as for Fig. 5.
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) BARIC BT EIER: b —F L & EHERE &
BB & B2 > 72 Ic ey b &h, Z0OE
FALTE BB 10-11 vol. %IZ MM 5. 65T, 2D
Si0, = 69 wt.%I%, ¥p4t7e & CNTHEA S 4 2 ¢kl v] e
BETIXOE - FHBISHIB L2 DEWZE 5. &k,
SR MRS BT, MEROEETL LY FR6K
LN BRBRCL ONGEEL, B2 X4 HTERES O
1FARHESIO, = 72 wt%fEE AR L, SiOx = 69 wt.%DHF
KD BWE2ITSIOIcEOMKEE D, ZH5LbL Y
Fa 6 KE L ANBREHZOWTIE, FlZ2IXEHEEHD
Wb, 27~ 4 v 27 EEPBEMORESDThETh
ARBHEA O BRIK AR X h B 28, SRR 5Tl
N K TH B ZEEHS»TH 720, KTz
NENOFELVRERIZ DL TEERE S, fROEET
SR N LY FIZOWTHRT 5.

JEFE T —F B L EBERS &, T PR (B2
X) TR IZX AT E T, 2R ERSEKIZENT
&, N—h—K FEsK) KT I FRINE (FE8X) T
BXAITELR W, LALENRS, FeO*/MgO & &Rk 7
TCHEDOFEE GET7R) I B W TR, IBIFEFRE O TR
TEBRMEAERTHBI2EMb O, LEHEMED
FeO*/MgO73, #45#BIZIERF P —FLEDTIh LD §
B S 2K E W AR, —ARICAE DFe0*/MgOid,
BREWRT 28 GHEMDOF0*MgO L, #F 4 ViRl
Y (ESESER F 2 8K8L) OF L EIL A KM L Tn 5.
JEFE b —F LA L AEHERE IR B ITABOHTF &4 Vi
fthEzasrZizssn, HN—r—K E5K) 2T
FeO* G HEIDEVED O NAENZ L6 EHE R
912, $F 2 VB EAERICEER TREN 2D
P EVIEERD S s, HE5 T, FeO*/MgODEW I,
B &R T A G OFeO*/MgOD & % 12 [t
LTWas0&tMehs. 20X 5B, 5MgO-
SO X (s #R/B L, 60Xk HBEDD, JH:
b — VAT LA TERS 1 2E I MO B A B MK

WEENC B 5.

Zofiz, JEE N —F A e ERERE L, §T
IZH ARz K S ITHETTRMRIZ B W TR L R &R
L, WA, JEF b — U EIC R TR ET
FicEOEAAD 5 10K, HNKX). 22T, #h
AREREYD CREEEPDOF LTI I F -V &R
FTIEPHMLENTED, BENEERE LT, H—#H
MIZ 3V CLuAt 10 ppm, YbAY87 ppm®D & ¥, Lald4.92
wt.%, Celd10.45 wt.%IZ 3§ % (ffil 21X, Brooks et al.,
1981). AHFERS PR CHBI T BE 0 12 & D RIfEDH
NARAZEZEIZGEDIETREBOT NS 720, HAEH
RO s RH TR ICE D aS bR, Bh
AFRDRIEDENERMLTWEEDEELZ LN, —
7, R0 ARSI B TREMISIER: b —FLE
K0 Y EHZKOHRE, YL VIt Sl E b TE
THhh, ZOEMDENIDLIVDE— FERIZHIEL
TW3EDLMRENhD. whaAfReyLavid, v
< DB RE DR HIIZ RO & 5 R Tl & BG4
52 &5, BFFeO*/MgOlbE, AR KT Y L
VORMNOBRE,? 51E, JER b —F LIS LAERTER
FADIEINRLDELTNBEEEZB T ENTES.

—J7, TR IIIER: P — P LS IR TG E &
ERMANARNCE 1K), TaldEhAHE, YLray kY
HERNI S —EHE AR I NS, ThooHmidIER:
b= FEIZ R TREBIERE D B E T 728, Ihb
OFHORILNVEEL TWEOTH UL, &L ALEHTE
FAPTUCHZTTH S, £z, Zh 5o DFHMIZIEND
LIRIBRIC—ERE D E NS 7280, Tho DRIt
ISEE L TW50ThHIIENDS i 52 L2 R4
FTTHY, TaDADEHOEMIFIHTE 2. HREYE
2 I2IZBNT, TaDFERESEL S KEL, NbDZ
NAVN OGNS, $F 4 VR {bE L<iEF 2 A b
(27 x2—=V)Tdh % (Bl AL, Rollinson and Pease, 2021
BRUOZFOHOHY. T TIClRAZ LS, SRS
LR DR F 2 Y EAEICIEKE LEV T L0,
AEHfERE TIEIER b — LA K D & 2 FeO*/MgOlt
DRENZEED ST, Bl AL EFE OFE{ER S D
Kb LY FIZHARTTIONI B &MER A B 5 GETIX). X
512, TN 56 DOTIOICHE ©alkHE, 3l U TFe05* %
MnOIZ & HA TV (FTIX). #F 2 VB TIETa
DHBUREA 100 %8 A it $ & 5 72 (Rollinson and
Pease, 2021 X UNZ OO XRK), &5 FRSLFHEL T
FEIHFEICIZEATE RV L DD, —OIER —F g
ORBHI W TN #F 2 VRt b ricE D
Z & MMEICEHBICBURICHN TV 2 RSN H £ 5
n3. ZofMIz, AHTERS TIEIER b — FEITER
TBall B EMEMADFED 5N 5. Bald bSO
FTIREERR T L7 ) BERICRSE X b (] 2
X, Rollinson and Pease, 2021 X U*Z DO XHh). XD
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T ) BRICE U EATERS T, BaDEARIZXIE
EZL 0w, TLHAZVEALDEERENOE - NI
ISRHELTWB8DEZEZ NS,

HIAERE IESIO GE BIZH W TIER b —F LA KD
AHAERE R Eh s, =5 —X (§5X)
IZB W, FEFE P —F VA RO ARLERS & MR
BHEIRFEAEDTLHEIZBWT ML Y FAEET S X5
IZWR A %%, FeO*/MgO% Mz & - 72X (3B 7K) T,
FEFE b — LA RO TR S L BTG RS & 1EFeO*/
MgONEB L DD, FFIISi0, ALOs, CaOll B W\ THHFH
LY FOMEEDZREL L ZHURFEROE W 2R
Iholk, FARRIZIES b — L s RO mEREE I
L, BIAfEREOEAHMR L DD EL, RERVTTIL
HVRANED ZVE— FRROR A KM L 728 DT
bHBERENS., METLEHERDS B, FHIHEITHR S
g — 3, BAETEUROBE 2 IER: b — F LS LR
EThBDIZL, hE TR, S EA THITRICE
W, IR bRk Z L EmE R T (10
X). —JF, mEftRs & ERfERE &F, HLFTER
88— v OmFHEEICE» b ERTEICRICB O TREK
MTERNEDOD, BAETILRICE L Q34 HTERS
PBRBIICEDER2SH S CGE10X). 72, $TISAN
7o & S ICEuO BEEILIERE b — F LA GRS
LCHEETH S EI0X). vLFITL AV 8=V
BT, JEE b — P ERER-ERES ISx U CHEATE
EE D% < IZThiZE A&, Pbo IFEH; & Tiod & 24 A 5HE
TH5EE1IN). ThiE—RITBhARR YL T VICH
BN, FOMIZF & Vg BERHN & BT
fid X g5 (5l 1%, Rollinson and Pease, 2021 X U8Z D
HFOSCHER) . L2 L, BEMfERS A ThiCE D%,
NAAR YL I Y OLFIERISKRD 7554, IR - S
TIZH T % E— FHBORER 2 O ITtEH &Rk &
B AL EHUR DR i & —3 L v, - T, mIaEfE
A AThCE RN, B TIEHETIEZWE Do,
fEDERIZ AN TEL L TEOEHRA» 6 F L 5 L, Bh
ABRILT VR, MOERE LR TThIZE LS FEAT
WAAREMEARIE X NS, WFRIZLT], ZhbKE
W 72 R A ERE S D TR RS TCR ORI, M ER & »
JEFE b — P ERERER AN L TSiIo ICE A, K0
%< FRAIGRICSKBNIZZ LnEimse, FEgamic
S TAAVERICELE - FHIREHETEZ B L,
BRI 2 IER b — FUERABHERE L D &3t L
AR TH B Z L ERL TS ERINTE B,

=D =RNZBWTIE, JEF N — LA e A RS
IR U CRPTERS 23Sio A RICE A, SHEILRICE
WCT—HDO ML Y FEBERL TS EIIZRA S (FS
). LaL, &THIEIER OO~ <565
L7z, & 5WIEIER b —F LR LA HERAEDOWTh
D 5w DI & - THEIAfERS B E» N7z & AE

L7234, mafeiEs of LEDTRMBOIIEE: b —F L
ARAEREREIIHNL, KOBAHELEICRICEA, F
T L HOCE > & EA LR IS L 2R A n 3139
Thh, BoNMETLR N4 -V EETETS. F
7z, babod & 5 IZEHIF{ERS & RO O B Thic s 8
i, EBE AR - - FELTIREHSE LWL, o
T, MAEREIEIRRE b — LA R A ek S & Hiflia
BTBRICHIDITRENVEDEEZ OGNS,
Pz nrs, JEF N —FILE, AHfERSE, 2L
THBTEREZ, BEAY 4 2 DB O PIIRIEBEIC3E D
WTRX A L7288 T & [ O R L AR A B L T
B0, Zhoid, OB~ 50—HOMMUIZ& -
T E N2 EHDER O % X3 L7z g DTidAn
EHiEh B,

HEEE

THYBEAEED S B, HRHT S 2 R WA DD %
L y—ihid, MgAA LY Fa 414 MllkERTZ
e, AR EEHERIEHE A RL ThandneE
Z 6N 3%, FeO*/MgOMIEE A EZLETIZALO; BH &
15 wt%feEDOEMNEE 2D (FTX) DI, 2L
PREA LM E DE— FIOEWVZERKLTED,
FRZALOs BEEAD VI DV TiE, FHEALS
DEGBIMPER L B RERL TS, F245 2
ORI N T v T ERZAN FPEEAEFEL L
W7 FF 2404 bOBAIE, FFEOH, BAEMIZIE~
7 O LD RN ST 2 8F 4 VB 7
88 4 M IZER < L & B TiO, R P,0s A 8 TR VRS
ERTZERRMSN TS (FlAIE, TiO, < 1 wt.%, P,Os
< 0.1 wt.% ; Godard et al., 2009) A%, A3k HIRATIZIX
2O LIRS Sy, 2O &E, ALy Fa
AL A MR NS KIS, HREAWESF 2 4
7 ZG ORIk~ BREBIZ AL M &2 b T 9 T LT
52 EREW®T S, —K, HRHhhEO—& %, &F
E LT A B A RF L T B a2 S ORI
MR AP &, SREHURRICB W TR T %
HVEE6R, F7X). Uh Uas s, HKHNIZHRAH
ICRL, ke UTHETLREAESEOICERDLS T
SAZ SrIE RN AR LGB0, $B11X), BRAa0%E
REDOMBE AR L TWB Z 05, LR &
LTid, WO % 2 K TIRIERR 2 /5 L
ThaEnWEDEHrxh 5.

TP SE MR D, A< & & FEafEREE & ke
TR LR B3, b) 2T &DIZDNTE, il
SOWHKERIFL TR LIRS, Z0—F
T, EEVEAEFHDRAIZIE, TiO, MnOMUP0sI123 L
KEA, ALOIZZ LW g 5h, —&HicknT
i, REROFEOHBERL TS Z L ERET S, &
PSR D 5 B, & & FeO*/MgOD K X 7 adkhig,
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Si0,, TiOs, Fe;03*, MnO, MgO% L TP,0s 23\ Tl
Z < OB OMIE PN EP T HHIK A VLTIV Y F2 5
KELENZZMZERL TS EIR). #£-T, 20
RBHZ DWW TR & TR L Ty, Bl 2 B
RTOV T vDHIZ & > TR E W7/ E R LT
oL ns. ZolkE, FHIXbIZHWT,
BT EDO L Y FLOBRRLE 28D THE I N5
LMY FEER DL L Y FE L TOREK
ARV LBREh, FIRbIZEWT, v~
TAwIEIV Y FTHLAREMNDD 28D, T, KV
TIZR5 N 5.

HIXIbiZ 5 7 DSiOFeO*/MgOK &[] —TH D, *
7z, HOMXcd MNP EERT 2 LV BKTE TN
DFe,05*-FeO*/MgOX & KBMIZIHI L THh 5. £ Z T,
BIKNCB O THIAMERS & ORRE GO TRETT % &,
FORbOT ST B, ALy - FLHAVED L VK
F, WIHIC B W TERAED b L v Pz > TEY
TW3, 72, H6KTIE, NaORK0D&H EIZ#
BA SR & BIfERE & TIRIZERE Th 528,
PEESEMRAR R A B R S T S 2 IS T
b0, £, WMEITEHBRIET LAV ENTEENZD
AERTH 5. BUHICE W TBIR I NSRS S SO
v 7 VIREROERIZ, R 2 N OERMEES L 5eICE
BRAELTOWAEWI L E2BWKT 2800, &K L
EARZ b EDOETH S OMHASEHBEL T DH—
T H B (il 21, Yamasaki, 2022). 2D & ¥, gk
Bvrv L HERE~Y s~ L3, BERCHESKE L Bk
5728, EHIZEHEAET, WEIC K-> TliHE ORI %
WA TIENIBHL, ZOREIEITCRIIE->TELES
ZEeBHMEN TS (FlZIE, Sparks and Marshall, 1986 ;
Debon, 1991 ; Grasset and Albaréde, 1994 ; Bateman,
1995 ; Perugini et al., 2008 ; Morgavi et al., 2013). 5>
TEOH TR BHEDE VIR ANaTH D, KT h
1IZHe< AL, Morgavietal,2013). ZTNE5DT EH 5,
FeO*/MgODIENMNZfEVY, {ERAETRICHIA 5 TSi0,, Na,0
FRUK 0 EEMT 5 MLV F, $48bbEIRbDT,IE,
EPE~ DML LY FTREL, BRE~ s~ (fE
WEE~ 7 ~) LD EEHE RS2 Y bu—n
T4V GRER, 7272 UILRICK->TEHNELS) TH
25DLMEMEND. WH-T, HPE~I <, HIX
bDTIREN S, FeO*/MgODIENNZE > TSi0, A4
LFeO* M4 5174 VEDOSEL ML Y FERL
TW5EDEEZLEND. X5, FIRbIZBWTT, %
Wi T % Si02>55 wt.%Dilkt o3 kk 4 LR ICHRE < o
v O EMMHEERZT > T0n5 &35 &, FoXall
RENDLREBRINEDOE Y ) A2 & RIE T
ToOREHE, v~k > TR Iz DT
BOHREMEA S <, FHEREREHS 5 IR 22 ER
% & OB P OMPEE RO S B ORI B

WTRFESVETH 5.

PDEoketzs izdae, N—a—IX GHelX) itk
W, AT Si0, DI T EKE A SENRIAE & fE R
MHEARP T EH—OHK LY FERTEOD, v
2 DG b LS Bl SIS E A S B S L 3K
RN EERTH D EEA 5. —J, B ETEHRAH
DS HbAKEMROMMAERT & DIZOWTE, WLk
KB TR T S O EEROEEN ZEMBIZX - T,
T8 THARL U 7= O 8B ~ &'~ A3k 12 WIS
725 T(600 TH-H ; 2 Kla) 784 L 725 R, AR
AR EDERZITTOAENEDEDBFET B AHREN S
TRIETE RO, BEFRS - MERSHKIZ BT
XA TE BN &R, KRIMEHR O THZZE RS FHH 2R
ENICANEDORBLRD ENBIZED TGN BN &n
5, BHS A2 KB & s 3 v g EUE SERIR A & Rl — o
v v DO—E,H, BEAREORELE A%OEAERIC &
DHRIR & 72 I ZBAIRO S B L 72 & DT b 5 n g
AE.

5.2 SEFREREFOLEHNLL - BEANDORR
ENEEE

R IR & RIS, VBB 2 5 R R I B 0 T
PR $BCS A OB S E IR T 5 EiRiE, &
EBH T DRERIEREFAD 5 5, IREI{ER S (shihara and
Chappell, 2007), —#FEAERPIRRE (LW, 2012), %
L CHRENITERE (LI, 2020 ; Yamasaki, 2022) (2354
THE I TV 3L, HPEEHRPICEROEND
(Nakajima et al., 2004). i85 DFHERIZT T, T
5 U 7 MR B AT, (BRMICEERS (b 20
I FNES) LR T % 72 (B 21, Hayama, 1959 ;
Yamada, 1959 ; [UHIE A, 1974 ; Kutsukake, 1975, 1997,
2000 ; A5, 1980). ZD &S &, WIRHEHESEL?H 5
FEOZEBAEHA B > 725 TH B LI F L H1E, 1980
AEAR LI DORD-SIR + Sm-NAREAH 7 A YV 7 1 VERD
MEHz &0, sy LSt & GO RGOSR PEINE
RoD L —8r» 5, HREREHOMEMEHLD
S IS WD HE 2z (I 21, Kagami et al.,
1995 ; Okano ef al., 2000 ; filil - M4 35, 2007) 2 &% &
S E A, EEEEEER S ICRAT 5 ARG E) O
FEMIE B SN S R &2 KL T3 (il 2
W, i, 2012 5 1T A, 2012 5 hEIEA, 2021). L
DLENE, FEIRITR SN S X5 S HERKEREHOER
EHH & RIRA O SEUE D, R Wb > T
5 &L, IFiEs (2012) THBRTW B K312,
vV P VHREERE v v B O & LT DR
DOELRIZHOENES 2 5. 22T, UTTiE, thifi
HOWEBRERER I Y TV w2 22k 5~ bLisk
WHE~ I IEBEEZ D0 OEREHEO—BRE LT,
S-SRI A E B B bk o RS TNTE R A R o
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RSB A (Yamasaki, 2022) & D4 F bR o Huig
179,

K] bk & HHAS sk oD MUK ¥ S0 A5 O N-MORBHUE
L2y F 74 FRRLAEERETTR S -2 Th
FRHER2Kakbliimnd. ~RUTHS 2R K51, M
BHI OB SVE R O — I BT, RPTaDHERE
MNIAETH D Z L #BRNE, GFE - /54 —-VD ETK
T s & PRSI D MR BB ORI, 1RIE 3
4%, Yamasaki (2022) T, PHE M O MRS #KE S A3,
JABDOHEIITER S & RIRHARISEEI§5 Z ik - T
kA BREEICALENRAE 21T > TWB Z &R ER T
5728, ZhoOMEITTREMRIE, < PLHEEEVE
VIR EDEDODRHMAERLTOA LIRS V. Zh
2D S, FERE U Ol ik oo MIDR A SRS O MUK
B=T 5L, WE~YTvOMKP, WRNTOM
BRWZE 70t 25, g CIEIERCTH 5 2 & % K
LTWBLffflahs.

Nakajima ef al. (2004) %, MK FFEE S B4 AL T
OHRUKH RS AR L T b Ean L, EMgRILIAH
KThHomtZ277-. ULI2rLEDNS, Yamasaki (2022)
REOEMTHRNTWIEY, —fftAEPF T~
VIRZRRDFER 2R TR SRS OEMIE, A2 D
TEREE~ 7~ L k2 R I LRI B 21T 5> C
W3 ZENWET, FEERICHBIKIC T 2D LS
BERMHER SN TS, #-57T, v PILHER AL b
DHERALZMEIZ DWW TIE, vV b e IR A e
EioMgloE @M % & A, HBNTOLENER
fEHOMEBEAWE T2 L dhaF 24614 PO
RS OB DOMET Nt b E&ELZEN5. 25 L
Poke ERVAR V0 B N7 R RY 5111 P Bl NUAVZP o B N o 7% (A
FHONERE UTHEFO KA 6 WG X hTn 3 (i
2, BB, 1979; WWFEs, 2012). 2hs02a— b
T VA4 PREAINED/NERI, U U N
LBt THET D0, HENABKRIZAHET
Hotz. THITHRL, KumEHIR T, MR
DRI 2 S P T RRE NS A RIS 2L T 5
LB, MAMBHED AR TIIm AN ERIIE - T
PEL, RINMICHERTH B Z &N REIND, I—
FI VAL PEPALAREEUEREDORE LT L L
A NTHBIENS, T LBErIEme & &HIcE
THAH =LA TR, K R
DER»BIZ, F 214 b SHRESVEEE (e
AR & B U 25U AE T B 0, - T SR
TNEBIG S ED E LTRIE L 22h, AR
BHOE A > THI I 858 THilE & 8l
DIEIZE 726 SN2 ERRBEIhSE. £Z2AT, K
WEHUS LRI, T — 5 v 24 R EtikisBh
WEONERNFE L U THEILIROBERHEIC R % L7
ET2Z Mo T05 BlAE, T, 1979, 1980 ;

FIH - IR, 1980, 1EIEA, 2012). 25 L=HEE,
KJFEHIRKDOR BB AL O AR AL L, ZhUmIcH
RSB AE (Fa o4 ) O/NERPEBT 2 &0
5 R BAEA 2R LW B ATREME A S, 25 THh 5D
E¥dE, 25 LR - BHOENICE, HFHL L
DENEFEOM S DWE FNESRY H 5 & D EHRI N
5.

—7, HEBIEA (2021) 1%, Nakajima et al. (2004) TH
i L 7= fEfd 5 O[S AR (syn-plutonic dike) O 8
B (fEiEPIReE) A5, 94 Mak 70 Mad ¥ )L 2 ¥ U-Pb¥-
KD2ODFER s 724 -k T L&, $990 MadD
IT7ENIOMaD Y L m gDV VEEFEL I LD,
9490 MalZE A - EE L 2B IS #$E~v s~ E
AT BZEi2&k-T, FEHEDIERSEHHTHNEFE L T
HE~y Y2 lReEkD, ZOHSPEE~ T~ &P
FHZIRA U CRIBMEEIRBEDPERPE L2 Z 2 2. &
DAERHIE 53R R O ERUIE, KEBKRENLDTH B
2, HWEZER - AAENSERPORET AR E o Tidk
<, BURTILFH2EE Ly, (HEIEA (1974) R Kutsukake
(1975) 12 & 2 EAF OB ZIBRICHE D &, 2Ok
BURFORIC A 2 580%, —“H#EIERPIE (¥
JL 3 Y U-PbiF-f{ 81-75 Ma ; Takatsuka et al., 2018, LA
HUL) & L IEHRINERS (75-69 Ma) & KEWAE A
(81-75 Ma), HEAERA (75-69 Ma) % L T b —F
N (99-95 Ma) TH 0, FIRMESEIROE HEER2, Z
N60D5 5 EDEMIZHKT %D, IEHEICIIAHTH
3. thEIES o211z kL, BAEHE PR AL R
ERHER NS 2> 5 MR OB VBEIEREG £ THRATH D,
Z0DH B YN yU-PYERIE%4T - 72D, A
PG EEREEINEA TH B L XN D, ZOHOERM
DY 5 AR —=I12FD L, ZoftBkkE 2 —F
LA (99-95 Ma) IHIM T 5 D L ch 5. HhiEIE
722 (2021) DFFRO & 512, TERPIREAE RO YL a3 i3
PEH~ I ~vOEAICEK > T8 A — - a—-2L7%
DEEbNB A, EHAEIZIE 70 MabE o EF5ER E R
FTHERNERECREEREVNTET LI &5, [AkE
S IREIER D WK OB BACR S 23, e (b
JHbE—F g ER—TH 3RS FLEHS A2 TR A
V. T B, HIRGE SV & MR VR GRS O
ReMEE IR, B, WEHEE & RIREILAE L 22 DR )IHE
FEHROEBAE~ 7~ L BFAEMESERE LT, {EEN
fRE (FE b —F LB ICHE AL T 3 g HEkR T
EREW(ZOBA, 90 MatHD I 7 % DY Vidhtk
WEEE 7w B) . F£72, 294 MalZ [l fE L 721 = POk
(FE b —FILE) BESE~ DB AL L > TR
BRI -0 ThIuE, T OBRIIEHEPTES % T
& L7=TRaE A fE S SiREBIER LR A 5h, hEIE
Q021 BHELTWAY LI VDA TIZRD LN
BROE & FROBR, 50325 LBk T
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Fig. 12

MR PE S 2 P S IR & B PR B IR S (Akechi-MME) D45 Tl B 43R O Fh Y i Xl
5 (N-MORB) BUEAL S 4 — 2 & B LB, (o) KO HhIgI 2 B 3 % 15 SRR MR & PHR s 7 % MIDRG 5
2 (Akechi-MME) D& THETTEMR O T v F 7 4 ML S4 — 2V I2 KB R (o), (o), () KIMEIRIZpET 3
B 5 HH & BRI 2 3 4 2 AR NHERUE O 2B e B R O R sl s (N-MORB) #ifs{l S8 — ik B kb
B (d), (0, (h) AME SIS 2 S & ARSI 3 2 R NIfERE O S fm T ECEMR O VY F 54 +
B b, s 2 — /2 kB iR, BREALICHOWZZN-MORBR U2 ~ F 7 4 | DfEidSun and McDonough (1989) 12 & %.

Comparison of whole-rock trace element patterns of Ryoke Plutonic Rocks from the Ogawara area and the Akechi area in the
Mikawa-Tono region. (a) Comparison of N-MORB-normalized trace element patterns between mafic rocks in the Ogawara
area and fine-grained mafic rocks (Akechi-MME) in the Akechi area. (b) Comparison of chondrite-normalized trace element
patterns between mafic rocks in the Ogawara area and fine-grained mafic rocks (Akechi-MME) in the Akechi area. (c), (e), (g)
Comparison of N-MORB-normalized trace element patterns of granitic rocks from the Ogawara area and the Akechi area. (d), (f), (h)
Comparison of chondrite—normalized trace element patterns of granitic rocks from the Ogawara area and the Akechi area. N-MORB
and chondrite values are from Sun and McDonough (1989).
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LEBBAERT. 20T &3, ThZPhoBis 50
3 a2 R, ROERTHTRRIZH 572,
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H—DNRIGEE TR I N EMEEAHDO Z & Tidk
<, BICRIAN 2 KRMEROENTH 2L LTE,
K100 kmFEEE IS D 72 > THBE LEEMESTEL 22h 8

INEARATH S, ZDO—HT, 19704 EF TITHEH
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